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Scientist in Merck & Co.'s sonic and D 


evelopment Division is watchi 


galvenometer scale in conjunction with use of Wenner Potentiometer in 


measurement of molecular weight. 


Merck uses Wenner Potentiometer 
in measuring molecular weights 


Merck & Co. chemists determine 
molecular weights of vitamins, hor- 
mones, antibiotics, and other or- 
ganic substances by the exacting 
“boiling point elevation method”. 
Since precision of this determina- 
tion depends upon the accuracy 
with which minute temperature 
differences can be measured, the 
Merck laboratory uses a Wenner 
thermocouple potentiometer. With 
this instrument Merck researchers 
consistently obtain temperature 
difference measurements consistent 
to within +-0.0002 C. 


The Wenner Potentiometer is the 
ideal instrument for making these 


highly precise measurements of 
minute voltages. Onits low range, 
the instrument is calibrated from 
0 to 11, 111 microvolts, in steps of 
0.1 microvolt, and has a limit of 
error of only + (0.01% + 0.1 micro- 
volt). 

For a description of the instru- 
ment, see Cat. EH22-33A(1). 
Write Leeds & Northrup Co., 4992 
Stenton Ave., Phila. 44, Pa. 
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COMMUNICATIONS AND ELECTRONICS—THE MOST ESSENTIAL 
TOOLS OF JOINT COMMAND '! 


BY 
EARL E. STONE ? 


I feel specially honored by this opportunity to address members 
of The Franklin Institute, the Institute of the Aeronautical Sciences, 
and the Philadelphia Chapter of the Armed Forces Communications 
Association. 

For the last half century, the military services have been directly 
associated with the development of radio transmission and reception— 
the radio art—which has now grown into the electronics art. Because 
of the nature of some of my duty assignments, I have been personally 
able to observe many of the remarkable communications and electronics 
developments which have occurred during my active Naval service. 
Before getting down to my principal remarks, let me take you back 
briefly to an incident in 1917 when I was an Ensign just out of Annapolis. 
I think those of you who remember what radio materiel was like in 
World War I will appreciate the humor in this incident. 1 can chuckle 
when I think about it today, but in 1917, believe me, it was not a 
laughing matter to me—trying to learn about radio, and, of course, 
trying to please my commanding officer. 

During the First World War, I served in a small cruiser—the first 
U.S.S. Cleveland. 1 was certainly busy on that assignment, being in 
charge of a group of 5-in. guns, and also regularly standing officer of 
the deck watches day and night, and in addition being the ship’s com- 
munications officer. My captain in those days was an able but stern 
old skipper who demanded a very high standard of duty performance. 
I learned a great deal from him—the hard way—and frequently I had 
to do some explaining when things went wrong, as they sometimes did 


1 This is an address presented at a Joint Meeting with The Franklin Institute, of the Phila- 
delphia Sections of the Institute of Aeronautical Sciences and of the Armed Forces Communica- 
tions Association, held on Wednesday, November 2, 1949, at The Franklin Institute. 

2 Rear Admiral, U. S. Navy, Washington, D. C. 


(Note—The Franklin Institute is not responsible for the statements and opinions advanced by contributors in 
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even back in 1917. I recall one morning when we were convoying 
merchant ships across the Atlantic, my senior radio operator—who, 
incidentally, was a champion fleet boxer, but not a champion radioman 
—informed me that he had been unable to copy the radio press trans- 
mission during the night, because of too much static. Of course, I 
had to report that failure to the skipper and I knew how irate he would 
be to miss his news at breakfast. 

Said the captain to me: ‘‘Well, young man, why did you fail to copy 
the Annapolis radio press broadcast last night?” 

“Well, sir, the operator reported that there was too much static— 
he couldn't copy the press through the severe static interference.” 

“Too much interference from static did you say, Stone? Why, 
don’t you know what kind of a radio receiver we have on this ship?” 

“Yes, sir, the name plate on the receiver reads type number one 
P seven-six.” 

“Stone, that receiver, I'll have you know, is not marked one P 
seven-six but rather I (eye) P 76. Do you understand—that is an | 
and not a one, on the name plate. Furthermore, that IP means 
interference preventer. So don’t ever tell me that you have static 
interference on thts ship!” 

You may be sure I never mentioned static to that captain again— 
but later | found out that he didn’t like my mentioning our trouble 
with the potentiometer any better. 

But to be serious—wonderful progress certainly has been made 
since I was first exposed to radio materiel in 1917. 

Tonight I want to talk of communications and electronics primarily 
— but in order to make the importance of these military command tools 
clear, I feel it is desirable to discuss briefly several different but related 
matters, including such items as the importance of personnel, and the 
importance of research and development; the importance of the com- 
munication operating companies to the military services; what con- 
stitutes joint command, and the readiness of the three military services 
to meet a national emergency. 

First then, a few words about personnel. I know that one of our 
common problems in the three services today is to maintain adequate 
trained personnel to utilize effectively, and to maintain, the communi- 
cations-electronics material that has already been provided. Military 
aircraft, surface ships, submarines and tanks, as well as many military 
establishments on shore throughout the world, such as communication 
stations, radar stations and direction-finder stations have important, and 
often very complex communications-electronics installations. Without 
trained personnel that equipment would be of no use—in fact, it could 
even be a hindrance. 

Our emergency sources of trained personnel are of three main cate- 
gories: there is the all-important Communications-Electronics Industry, 
including the communication operating companies; there are the many 
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amateurs of the American Radio Relay League and the Military 
Amateur Radio System upon whom we know we can depend for their 
resourcefulness and unique ‘‘know how’’; and there is our Electronics 
Reserve. I have the greatest faith in the men and women of our 
Communications-Electronics Industry, in our radio amateurs, and in the 
officers and enlisted personnel of our Electronics Reserve. I sometimes 
wonder, however, if all of these people realize how very much we will 
have to depend upon them to wage and win any future war, since the 
regular service men and women can be but a small part of the total 
personnel needed to meet wartime requirements? The regular nucleus 
is extremely important, of course, but it must be expanded many times, 
and quickly, when the emergency comes. Let me use a Navy example 
from World War II to illustrate. The prewar Naval Communications 
personnel was expanded about twenty times to meet World War II 
requirements. For any future war, we not only must have great 
numbers of trained persons ready for active service, but ready almost 
overnight. Accordingly, I believe that the best interests of the country 
will be served by having a large number of communication-electronics 
men in the Reserve Units of the Armed Forces. Their prior preparation 
and identification of interest would aid in the proper placing of these 
personnel in time of emergency. It would help our defense planning and 
also aid industry’s preparation for such adjustments in their organiza- 
tion as would be required. 

Our people, when at home, when at work, and when at play, are 
living in an electronic world—radio and television broadcast receivers, 
police radio systems, radio and electronics equipped commercial air- 
planes and trains, taxis, buses, and ships, and medical applications of 
electronics (including diathermy, X-ray, fluoroscope, cardiograph, and 
other medical aids), sound movies, hearing aids, photoradio and 
facsimile, burglar alarms, and electronic cookers—to name only some 
of the better known electronic devices. Future electronics applications 
seem to be limited only by the limit of the imagination of electronics 
engineers and scientists. Many people today have at least some elec- 
tronic training and ‘‘know how,” and that is a valuable national asset. 
Much must necessarily be expected from our trained technical people, 
such as many of you who are here tonight, who, by reason of your 
abilities, experience and technical training, will be able to contribute 
much more to national defense in the communications-electronics field 
(whether in the military services or in industry) than most men and 
women who may quickly don uniforms when war comes. 

I wish to say a few words about Joint Command. Before World 
War II, Joint Command was a term used in war plans—it certainly 
was not a commonly used term; it rarely became a reality except 
in joint exercises. The war demonstrated the necessity for Joint 
Command as the usual, rather than the unusual, situation. There are 
now Joint Commands—and in this case, | mean three service unified 
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commands—throughout the world. The Army, Navy, and Air Force 
are under an Army General in the Caribbean; an Air Force General 
commands in Alaska; an Admiral commands in the Pacific; an Army 
General commands in the Far East; an Admiral commands in the 
Atlantic; and an Army General commands in Europe. 

To be effective, Command, whether Joint or Single-Service, requires 
many supporting activities. There must, of course, be the best possible 
weapons. Assuming that we possess the necessary high quality 
weapons, including bombs, missiles, torpedoes, guns, tanks, submarines, 
and especially airplanes and surface ships of all required types, there are 
certain other activities upon which the exercise of Command is de- 
pendent, either directly or indirectly—for example, supply of ammuni- 
tion, food, and fuel. There must also be medical activity to insure 
proper sanitation and good health, and there must be hospitals for the 
sick and wounded. Many other important supporting activities might 
be listed without which Command could not be exercised effectively. 

Since the fighting forces must be readily controlled and directed, 
there must be effective communications. In fact, without adequate 
communications no commander would willingly risk action against an. 
able adversary. If a question exists in anyone’s mind as to the absolute 
necessity for communications as well as other electronics to utilize air 
power and sea power, he may be reminded of the fact that big bombers 
would not leave their bases and big carriers would not put to sea with- 
out assurance that their respective complex communications-electronics 
installations were fully ready for use. Incidentally, a current motion 
picture production, entitled, ‘“Task Force,’’ gives a very good idea of 
the dependence which Navy Command must place on communications 
and electronics facilities in wartime carrier operations. 

Whereas logistic supply can usually be effected before the fighting 
starts, and thereafter usually not cause the Commander great concern 
during battle, communications and electronics are tools in the Com- 
mander’s hands during battle which, if they should not prove effective, 
would cause the Commander the gravest concern. Some of you may 
possibly be wondering just what I have in mind when I mention com- 
munications and electronics as tools of command. At the risk of over- 
simplifying, I'll try to make that matter clear in a few words. 

As for communications as a command tool, besides the skilled 
personnel involved, | am thinking about the channels over which infor- 
mation and orders may be passed rapidly between the High Commander 
and his Subordinate Commanders, and the channels connecting his 
fighting units—whether they be tanks, planes, ships or combat teams. 
Such communication channels form military wire and radio networks 
which are sometimes described as the nerve system for controlling the 
actions of the complex military body. A point to remember about 
military communications 7s that as the tempo and ferocity of modern 
warfare increases, what with faster airplanes, faster ships, atom bombs, 


au 
= 
g a 
} A “4 
| 
4 


Feb., 1950.] COMMUNICATIONS AND ELEcTRONICS 


and guided missiles, at many times there is need for practically in- 
stantaneous communications rather than merely rapid communications. 

When I speak of electronics as a command tool, besides the skilled 
personnel involved, I have in mind materiel—radio transmitters and 
receivers, radio direction-finders, various electronic equipment including 
fire-control gear, countermeasures jamming apparatus, radar for search 
and radar for navigation, and other electronic materiel which will assist 
the Commander in wartime. 

Certain aspects of electronics are of great importance both to the 
Military and to Industry, although specific applications are naturally 
different. One such aspect is that of control devices, such as for pilot- 
less aircraft and guided missiles; then there are telemetering applica- 
tions, that is, methods of relaying data from an operating point to a 
practical control or observation point—for example, the transmission 
of data from a rocket or missile in flight to its control station. Then 
there are various mathematical computing devices, so-called ‘‘electronic 
brains” which can solve mathematical and other problems of very great 
complexity in a matter of seconds, or at the most in minutes, which 
heretofore took days, weeks and even months to solve. 

Probably the most important defense application of electronics is in 
connection with air defense. Timely electronic warning of an approach- 
ing enemy air group—whether the warning be received on shore, in ships 
or in airplanes—might, if promptly disseminated and acted upon, save 
thousands of lives, and possibly even the nation. 

In the joint communications-electronics field, unification is working 
very well indeed. There are common operating procedures in use in the 
three services, common communication instructions, common procure- 
ment procedures, a procedure for standardization of components of 
electronic equipment, and coordination of research and development. 
There are always bound to be some honest differences of opinion in such 
a complex field as military communications and electronics. But time 
and again such differences have been resolved satisfactorily among the 
Chiefs of Communications of the three services, and no doubt other 
problems will be so resolved in the future—by agreeing on what will be 
best for our national security. 

Our national security depends upon scientific knowledge and the 
rapid conversion of scientific knowledge into new or improved weapons 
and techniques. If World War III should come, and of course I hope 
it never does, it will be fought with certain vastly improved weapons 
and techniques, rather than with those we knew in World War II. In 
this connection you will appreciate how vitally important it is for the 
United States to stress electronics research and development. I believe 
we in the United States have no superiors in the electronics world. 
But we must strive to stay out front in the electronics race, both in re- 
search and development, and in mass production, to reap the dividends 
in wartime that electronics superiority will surely give us. We must 
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realize that today all nations are aware of the importance of electronics 
in warfare. We dare not rest upon our oars at this stage of the research 
and development race. 

Fortunately, there exists today in the High Commands of all three 
Services, an adequate appreciation of the great importance of com- 
munications and electronics. As most of you probably appreciate, 
electronics is the very heart of many of our most promising military 
projects. The airplane of World War I was equipped with its meager 
electronics gear just before it was ready to be flown. Not so today, 
when the electronics gear is assembled and shaped up, and then the plane 
is sometimes almost literally built around the electronics equipment. 
Without its load of electronics equipment the modern military plane 
couldn’t hope to perform its mission. Recently I learned that one of 
the latest big bombers carries nearly a ton of electronics gear, all care- 
fully designed and installed to meet its combat requirements. The job 
of providing and installing electronics equipment for big airplanes is 
obviously difficult. Installations in submarines present somewhat 
similar problems to those of big airplanes. 

Now I wish to say a few words about the importance of the U.S. 

communication operating companies to national security. The coopera- 
tion of these U.S. companies during World War II was indeed splendid, 
and I know that there is no question about the support which the 
operating companies as well as the remainder of the communications- 
electronics industry will continue to give the Military Services. It is 
imperative in time of war for our nation to have an established effective 
and comprehensive worldwide commercial communications system to 
serve all of our country, but particularly to serve the Military Services, 
and to supplement military communications facilities. While the three 
Military Services together have the nucleus of a worldwide communica- 
tion system in peacetime, they cannot possibly maintain a worldwide 
_ system adequate for war because of lack of men and money. 
: And now a few remarks about the recent appointment of a Director 
of Communications-Electronics by the Joint Chiefs of Staff, with the 
approval of the Secretary of Defense. The first Director is Major 
General Harold M. McClelland of the Air Force, whom many of you 
may know, and who is well qualified for this important coordination 
assignment. The directorship will rotate among the three Services, 
with a change every two years. The Director serves as Chairman of 
the Joint Communications-Electronics Committee, which has an en- 
viable record of achievement. The aim of the Joint Communications- 
Electronics organization is to insure the fullest coordination among the 
three Services in the communications-electronics field—to effect econ- 
omy without impairing combat or administrative efficiency. 

While striving for the utmost coordination in our military com- 
munications, it should be appreciated that the consolidation of communi- 
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cations cannot be carried to extremes since each Military Service has 
specific essential needs for combat communications that cannot be 
fused into a single unified communications service. For example, in 
the Army and Marine Corps, the combat communications of ground 
troops; in the Navy, shore-to-ship, ship-to-ship, ship-to-plane opera- 
tional communications; and in the Air Force, ground-to-air and plane- 
to-plane operational communications. An example where the utmost 
coordination of joint communications is required is in the complex 
communications necessary for a large joint amphibious landing. 

It must be remembered that a primary purpose of unification is to 
improve operating efficiency and insure economy. However, individual 
service requirements will still be given full consideration in order when 
practicable to permit each service to exploit to the fullest any important 
advantage accruing to it by its nature or relative superiority. In 
determining what the composition of our unified military machine must 
be, in order to meet the most likely threats to our national security, it is 
necessary to relate weapons, forces, strategy and funds, so that the 
resulting three-Service fighting strength will be the greatest team 
strength that can be provided and maintained for the dollars which can 
be spent. It should be clear to all who have read the newspapers 
recently that no Service in peacetime is ever likely to get as many 
dollars as it feels it must have. We all realize that there must be a 
limit on the National Defense Funds. I can assure you, economy and 
efficiency are being stressed. 

At the outbreak of any future war which is suddenly forced upon 
us, it seems likely that we will have only minimum three-Service Forces 
available. It appears that there will be more need than heretofore for 
joint, that is, three-Service operations under unified Commanders, 
because of the specialization or concentration of each Service on its 
currently assigned primary roles and missions. Each Service certainly 
will help the other two Services, to the maximum extent necessary and 
possible. Joint operations in the future will require optimum team- 
work among the Services, and joint communications and electronics 
will surely play a most important role. 

Let me remind you in concluding my remarks that the age-old funda- 
mental principles of warfare do not change, that is to say, principles 
concerning mobility, flexibility, versatility, surprise, precision, and con- 
centration of force. These have been found sound through the years, 
as weapons and techniques have changed radically. Today mobility is 
the key to fighting power, and air power is certainly the dominant element 
both in land and sea operations. But the basic objectives of war 
do not change, and thus always finally, the destruction of the enemy’s 
capacity and his will to fight must be achieved. That is a job which 
requires an adequate Army, Navy and Air Force, operating effectively 
together as our National Defense Team. 
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New Tension Meter Twice as Sensitive as Old One.—A new and improved 
Tension Meter has been recently brought out by the Saxl Instrument Company 
of Harvard, Massachusetts. In addition to instant trigger action and correct 
calibration under performance conditions, the new model is equipped with 
ball bearings throughout. This makes roller friction negligible. Special pre- 
cision pulleys recessed in the trigger mechanism automatically guide the yarn 
into position so that the meter can be inserted blind and no yarn can get 
caught behind the rollers. No “wiggling-in’’ is necessary. Because yarn 
contraction is negligible, gentle insertion and release are assured. 

Improvements consist of introducing a transparent flywheel through which 
the readings are taken. This important feature makes steady readings possible 
even on quickly traversing machinery such as quill winders. Sustained accu- 
racy is obtained because the permanently calibrated spring is always at rest 
when not in use. The meter is dynamically calibrated under actual per- 
formance conditions. This is far more practical than static testing. 

The new model has twice the sensitivity of the old 250-gram model, which 
is still being manufactured. The Saxl Tensiometer has a total capacity of 
125 grams. Fifty grams are read from the black figures on the first revolution 
of the dial. This gives gram sensitivity for sensitive nylons and other fine 
yarn. The remaining 50 to 125 grams are read from the red figures on the 
second revolution. Therefore, without special adjustments the pointer can 
overtravel and continue to give precise readings even when the tension is 
above the 50-gram range. 

Double the sensitivity, extended capacity, quick trigger insertion (even in 
limited spaces) and freedom from oscillations make this meter ideally suitable 
for quick tension measurements on all yarns including nylon and rayon and 
on machines such as warpers, winders, slashers and for winding elastic threads, 
checking shuttle tension, etc. 

The Sax! Tensiometer is also used for quick tension measurements on Radio 
Wire, etc. used for galvanometer coils, ammeter coils, and the handling of 
hair-thin wires (copper, tungsten, etc.) which are used in radio tubes, incan- 
descent lamps, etc. Full information is available from the Saxl Instrument 
Company, Harvard, Massachusetts. 

A “flying laboratory” to test early-warning radar equipment and _ pro- 
cedures has been set up by the Navy aboard a modified Lockheed Constella- 
tion, in a move to extend the range of shipboard detection devices, limited by 
the horizon. Antennae for the plane’s powerful radars are housed in two large 
radome humps midway along the top and bottom of the fuselage. Extra 
technicians will be aboard. 

Propulsion of aircraft by nuclear energy was actively studied during 1949, 
and progress made in solving problems of materials, reactors, shielding, power 
cycles and airframe design configuration, according to Maj. Gen. Donald L. 
Putt, Air Force Director of Research and Development. The project is 
being continued jointly with the Atomic Energy Commission, the National 
Advisory Committee for Aeronautics, and the Navy. 
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ORIGIN AND MEANING OF CIRCULAR AND HYPERBOLIC 
FUNCTIONS IN ELECTRICAL ENGINEERING 


BY 
A. BOYAJIAN ! 


SUMMARY 


Sinusoidal currents in time, arising from impressed sinusoidal voltages in time, 
need no explanation; but circular and hyperbolic functions of unobvious circular and 
hyperbolic space angles arising apparently spontaneously in electrical circuits call for 
some explanation. Accordingly, the concept of an angle, adequate both for circular 
and hyperbolic functions, is first developed geometrically, pointing out that an angle is 
nothing but the percentage value (more precisely, percentage/100 or per-unit value) 
of an arc recognized as the vector increment of the radius vector. Naturally, the 
radius vector itself is used as the per-unit base, hence the name radians (meaning, 
radii) for this kind of measure numbers. The idea naturally leads to the compound- 
interest like calculation of the per-unit value of a gross change in the radius vector. 

The vector concept recognizes as angles those incremental arcs that are parallel 
to the radius vector just as well as those that are normal. The former are called 
hyperbolic angles, the latter circular. Thus an arc that represents a circular angle and 
one that represents a hyperbolic angle are j with respect to each other. Obviously, 
in the first case, only'the direction of the radius vector changes; in the latter, only its 
magnitude. 

Applied to a physical variable, this concept of an angle means that a change in 
the variable expressed in per-unit? is the angular value of that change in radians. 

This concept of angles leads to logarithms and exponentials, yielding a simple 
interpretation of the logarithms of negative, imaginary and complex numbers so that, 
in its light, by inspection log (— 1) is recognized as xj, log j is recognized as (x/2)j, etc. 

The cosine of an angle @ (whether @ is circular, or hyperbolic, or mixed) is inter- 
preted as the resultant of two variables, initially alike, but one having undergone 
the vector per-unit change (+ 6), and the other (— @). A sine is interpreted as the 
resultant of two variables, initially equal and opposite, and one having undergone 
the vector per unit change (+ 6), the other (— @). The origin of such pairing of 
vectors is found in reflection. In transmission lines, discontinuities like open circuits 
and short circuits act as perfect reflectors, and provide reflected variables which 
match the original variable in the indicated manner to yield with the original a 
resultant corresponding to the sine or cosine (or sinh or cosh) of the per-unit change 


involved. 
INTRODUCTION 


In alternating current circuits, sinusoidal voltage is impressed and 
a sinusoidal current is obtained; and naturally enough no one feels that 
an explanation is needed. However, when a continuous (d-c.) voltage 
is impressed on a system and a sinusoidal or hyperbolic function of time 
or space (or both) is obtained, an explanation is called for. When the 


1 Apparatus Department, General Electric Company, Pittsfield, Mass. 
2 All such reckonings in this paper are to be understood as compound interest calculation. 
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transmission engineer talks about hyperbolic sines and cosines of ax, ax 
representing the ‘‘hyperbolic angle’ of the line at the point x, any 
listener is entitled to ask just what he visualizes by a hyperbolic angle 
and how a straight length of wire turns out to be such a thing, and how 
hyperbolic sines and cosines develop in it. To be satisfactory, the 
answer to such a question must be primarily physical. Any purely 
mathematical answer, without at least a geometrical visualization, 
would be evasion of the engineer’s inquiry. Some authors have drawn 
on hyperbolas so as to develop a system of hyperbolic functions in 
analogy to trigonometric functions associated with circles, but such 
theories fail to explain where either the circle or the hyperbola is in a 
transmission line or in a circuit of R, L, G and C. 

The general problem may conveniently be considered in two steps. 
First, the origin and meaning of angles, and then the origin and mean- 
ing of their functions. The second step is not by any means obvious 
when the first is ostensibly made clear. To illustrate this, one could 


90° 
4 PIECES 


45° (8 PIECES) 
0° (12 PIECES) 


10° (36 PIECES) 
1° SLIVER (360 PIECES) 


Fic. 1. Childhood concept of angles. 


explain the circular angle intelligibly even to a child without providing a 
clue to circular functions. Thus, an uncut pie is 100 per cent. Some 
foolish people have called this hundred per cent 360°, because, with 
this measure, the pie becomes divisible in many ways without involving 
fractional numbers. If cut into two pieces, each piece is 180° (Fig. 1); 
if cut into three, 120°; four, 90°; five and seven pieces are not repre- 
sented by whole numbers; but six, eight, nine and ten, even twelve and 
twenty and a whole lot more divisions up to 360 pieces are whole 
number of degrees. The last one—1°—is such a thin sliver that one 
could not taste it, though one could shave with it if it were steel. 
Anything smaller than that surely deserves to be considered a fractional 
thing. The sharpness or bluntness of the pieces of our pie, considered 
as a wedge, gives an idea of the angle they represent, but how such a 
notion of angles implies trigonometric functions is altogether unobvious. 
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A BETTER THEORY OF ANGLES 


At the college level, we define an angle by the length of the arc 
associated with it, and in order to be free to use an arc of any radius, 
we measure the angle not by the absolute length of the arc but by its 
relative length, with its radius as the unit of length. Thus, if an arc is 
given as so many inches, there is no hint of the size of the angle asso- 
ciated with it, but if it is given in terms of its radius, as so many 
“radiuses,”’ or as so long ‘‘per unit radius’, or, in the more conven- 
tionalized form of the word, as so many ‘“‘radians,"’ now the angle is 
defined, except for some important details as follows. 

If we are talking about common (circular) angles, the little arc 
shown in Fig. 2 will be a measure of the little angle A@ provided that, 
(a) the arc is perpendicular to the radius vector at every point; (d) the 
length of the arc is expressed ‘‘in terms of’’* the radius vector, that is, 


Fic. 2. Concept of an angle in terms of its arc, an element of the arc being treated 
as a vector change in the radius vector, as the latter changes. 


as so many radians (or equivalent); and (c) the arc or angle must be 
understood as representing an increment or change in the radius vector 
itself. The last point means that the little arc must be considered as 
Ap, as otherwise all meaning would be lost. Accordingly, our equation 
for the little angle of Fig. 2 will be 


(1) 


The fact that the arc must be perpendicular to the radius vector 
introduces the thought of a vector into our consideration; and it is easy 
to see from Fig. 2 that Ap represents the vector change in the radius 
vector as it changes from p, to pi4:._ If Ap is taken in sufficiently small 
lengths, the p in the denominator of Eq. 1 will be the p, of Fig. 2. 

Although usually we specify A@ by its numerical value, yet Fig. 2 

3 Expressing one thing ‘‘in terms of’’ another means that this other will be used as the unit 
of measurement. I am surprised that this meaning of the words is not universally recognized 
as their only rigorous meaning. 
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shows that perpendicularity to the radius vector is implicit in its con- 
cept. We shall find it very wise and helpful to make this fact explicit. 
If in Eq. 1 we express Ap by its true vector value, and treat p as the unit 
reference vector, then Aé@ will turn out to be a pure imaginary number, 
jb. Of course, we interpret 6 as a vector parallel to the reference vector 
(the radius vector), and 7 as representing 90° rotation (counter clock- 
wise) with respect to the radius vector. 

If we wish to measure the total angle between two positions, say p; 
and po, of the radius vector (Fig. 2), Eq. 1 leads to 


Pz 
d 
= = log. log. Ply (2a) 
Pi 


log. (2) 


From (26) we learn that the logarithm of the ratio of two values of 
the radius vector is the angle between them. In other words, logarithms 


Fic. 3. The are of a ninety-degree angle is +/2 times the radius vector in magnitude and 
perpendicular to it at every point. Therefore the complete specification of such an angle is 
(x/2)j. This then is the logarithm of p2/pi, hence the logarithm of 7. 


are another way of defining an angle. The first way was to define the 
angle by the arc; this second one is by the initial and final values of the 
radius vector. It follows that if we have the answer one way, we have 
the answer to the other way too. Let us consider some interesting 
practical consequences of this. 

If the arc is the quadrant of a circle (Fig. 3), the “circular angle is 
m/2,” or the ‘“‘angle is (1/2)j."". The equivalent phrases set off with 
quotation marks emphasize the thought that, to be explicit about the 
nature of 6, we must use either the adjective ‘‘circular’’ or the symbol 
‘7’ with it. In conversation, the first may be more convenient; but 
in equations, the latter is the only logical choice. So the angle shown 
in Fig. 3 is (r/2)j. Considering the vector ratio of p2 to pi, it will be 
seen to be just 7. Substituting these values of 6 and ps/p,; into Eq. 26, 
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we get: 


j = log. j. (3) 


Glory be! We have discovered the log of j, which is considered 
meaningless by many people. 

Equation 2b says, more generally, that the log of the ratio of two 
numbers is the angle between them. Could this new insight then tell 
us also the log of (— 1) which we “know’’ (?) does not exist, because 
negative numbers don’t have logs. Of course it does. As seen in Fig. 4, 


Fic. 4. In tracing a 180° angle, the angle is xj and the ratio p2/p; is —1. 
Therefore, xj is the logarithm of —1. 


— 1 is the value of p/p: when the angle @ is 7j radians, so according 


to Eq. 2b 


As simple as that. 
As one further example, how about 45°? (Fig. 5). 


mj = log (— 1). (4) 


Fic. 5. For a 45° rotation, the angle is (+/4)j, and p2/p: is (1 + j)/v2. 
Therefore, (x/4)j is the logarithm of (1 + j)/ v2. 


Well, its angle is («/4)j, and p2/p: equals (1 + j)/V¥2. Substituting 
these two values into Eq. 26 
(x /4)j = log {(1 + j)/V2}. (5) 
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ANOTHER KIND OF ANGLE 


Having taken a vector view of things in the foregoing, we may well 
consider now what would happen if, in Eq. 1, Ap were parallel to p 
instead of being normal to it. Of course that would not define a circular 
angle any more, but from our broadened point of view it might represent 
another kind of angle, and it turns out to be the so-called hyperbolic 
angle. 

Now that helps a lot toward simplifying things. Evidently, when 
an increment in the radius vector is expressed in per-unit values, with 
the radius as the unit of length, we are expressing the angular value of 
the change as so many radians, regardless of its direction. If the arc 
is perpendicular to the radius at every point, the radians are a quadra- 
ture number, and we logically call the per-unit change a circular angle. 
If the change is parallel to the radius vector, its radians value is a real 
number, and, following tradition, we call the angle a hyperbolic one. 

One might wish to consider the circular angle as the real angle and 
the hyperbolic angle as the quadrature angle, but there is no getting 
away from the fact that the radius vector must be considered as the 
reference axis, in which case then the circular angle is the quadrature 
one, 

When Ap is parallel to p, and the angle is hyperbolic, it follows that 
p is changing in magnitude, though not in phase. That is why circular 


Fic. 6. Illustrating the complex angle as a vector arc, each element of the arc resolvable 
into two components, one parallel and the other perpendicular to the radius vector, the former 
representing the hyperbolic angle, the latter circular. 


angles may be involved only when there is a change in phase, and 
hyperbolic angles only when there is a change in magnitude. 

As a corollary to the foregoing, Ap may be a complex number, 
expressible as Ap’ + jAp’’; and ps2 and p; need not be of the same length 
(Fig. 6). Equations 1 and 2 still hold in a generalized sense, yielding 
a complex angle 6’ + 76”, 6’ representing the hyperbolic component of 
the total angle, and 76” its circular component. Thus, 
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Note that in this symbolism the figures for the components, 6’, 0’’, 
Ap’, Ap’’ are real numbers; while Ap is a complex number; and p 
is always a real number because, at each new point, the corresponding 
p is the new reference vector for that point as the axis of reals, so that 
Ap must be resolved into its components with respect to p. In this analysis, 
not the x-axis but the radius vector is the axis of reals. It doesn’t 
matter that the axis of reals does not stay put, but changes from point 
to point. In compound interest, the principle does not stay put, but 
increases from year to year. The radians defined by Eq. 1 and 2 
represent vectorially compound percentage change in the radius vector. 

In order to extract the maximum information out of Eq. 2, let us 
make a simple transformation of it, and look at it again. 

Solved for p2, Eq. 2 becomes 


p2 = pie’ (7a) 
= piel! (7b) 


= (7c) 


We learn here the strange fact that the exponent of an exponential 
always represents an angle in radians! No wonder then that an ex- 
ponential represents an expanded or shrunk vector if the exponent is a 
real angle (that is, hyperbolic), and a rotating vector if the exponent is 
a quadrature angle (that is, circular). 


In all cases, the exponent represents veciorially the compound per-unit 
change in the radius vector in changing from its initial vector value to its 
final value. 

As a general conclusion to all the foregoing : 

The per-unit value of a vector change in a quantity is the avigules value 
of the change in radians. 

The real component of this, that is, that parallel to the vector 
quantity, is the hyperbolic angle represented by the vector change; and 
the quadrature component, the circular angle. . 


GEOMETRICAL INTERPRETATION OF CIRCULAR AND HYPERBOLIC FUNCTIONS 


The well-known geometrical representation that the cosine is repre- 
sented by the projection of the unit radius vector on the X-axis, and the 
sine by the projection on the Y-axis, fails in the case of hyperbolic 
angles. A clue to a more adequate representation is obtained by con- 
sidering the exponential definitions of sines and cosines, whether cir- 
cular or hyperbolic. Thus, 


(8a) 


(8d) 
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2 

— 

sin 6 = (9b) 

“Comparing (8a) with (8), and (9a) with (90), cos 6 may also be con- 
sidered cosh 76, and sin 6 may also be considered — j sinh 76. 

Evidently, the only mathematical difference between the hyperbolic 

and circular quantities, whether angle or function, is just 7; and that 

while either set can be expressed in terms of the other, it may well be 


sinh 6 


(9a) 


3 Fic. 7. Circular sines and cosines interpreted vectorially as the mean value of the radius 
vector for the positive and the negative values of the same circular angle: half the sum of the 
two radius vectors for cosine, half the difference for sine. 


recognized that the hyperbolic way of looking and tagging is more 
i logical. We should have had only one kind of geometry, and that 
should have used the hyperbolic nomenclature and symbols with a j 
: introduced where called for. This will be still clearer when we consider 
{ the geometry of these functions. 

To simplify exposition, let the initial value p, of the radius vector in 
Eq. 7a be taken as 1 in. along the X-axis (Fig. 7). Then, for a positive 
angle 7@, p2+ will equal vectorially &*, and for a negative angle of the 


6 
COSHS& 


0 SINH-@= 


(ALL /’'s-ARE MEASURED FROM 0) 


Fic. 8. Hyperbolic sines and cosines interpreted vectorially as the mean value of the 
radius vector for the positive and the negative values of the same hyperbolic angle: half the 
sum of the two radius vectors for the hyperbolic cosine, and half the difference for the hyper- 
bolic sine. 
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same magnitude, p:~ will equal e~*. If we happen to be interested in 
the mean value of the two unit vectors, after one has undergone a per- 
unit change + 76, and the other — 76, then obviously what we are 
interested in will be, by Eq. 8, cosh 7@ or cos 6, as shown vectorially in 
Fig. 7. If one unit vector is negative with respect to the other, or for 
some reason must be subtracted from the other, then the mean resultant 
value we are looking for will be, by Eq. 9, sin 6 or j sinh j7@. This also 
is shown vectorially in Fig. 7, in which the vector representing the sine 
will be seen to be normal to the vector representing the cosine, strictly in 
accordance with the hyperbolic notation which is the only logical con- 
sistent notation. 

Figure 8 illustrates the case when the change is parallel to the 
radius vector. It is interesting to observe that now both sine and cosine 
are real numbers, that is, vectors parallel to the radius vector. 

Figure 9 illustrates the case when the angle is complex, and again 


SINH (@ +j@") 


Fic. 9. Vectorial construction of the hyperbolic sine and cosine of a complex angle. 


it may be seen that the final results we are interested in are the vector 
resultants of two unit vectors, one undergoing a specified positive per 
unit change, the other an equal negative per unit change. Their mean 
vector sum gives the hyperbolic cosine vectorially, and their mean 
difference the hyperbolic sine vectorially. 

In the foregoing geometrical interpretation of circular and hyper- 
bolic functions, we created a wholely artificial curiosity about the 
matter, justifiable only as a preparation for practical applications, and 
now it is time to do that. 


ORIGIN OF ANGLES AND THEIR FUNCTIONS IN ELECTRICAL ENGINEERING 


Example I. The Leaky Telegraph Line 


The distribution of current and voltage in a leaky telegraph line 
of indefinite length, with series resistance R and shunt conductance G 
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Fic. 10. A leaky telegraph line. 


per unit length (Fig. 10), is known to be of the form 


e = (10) 
i = (11) 
a = VRG. (12a) 


Referring to Fig. 11, it is seen that the curve has two branches and 


: Fic. 11. Distribution of current and voltage in a line like that of Fig. 10. 


that the positive sign applies on one side of the battery, the negative 
on the other. , is the voltage at a point chosen as the origin. One 
need not choose the battery position as the origin: the origin may be 
taken on either side of the battery for either branch of the curve and 
E, will be the extrapolated value of the curve if the origin is beyond that 
branch of the curve. 

It follows from Eqs. 10 and 11 that 


de/dx 
é 

di/dx 


=+ta. 


That is, the per unit (angular) change in the variable per unit 
distance along the line is constant, equal to + a; and, therefore, a 
distance x along the line represents an angle (per unit change) + xa. 
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This is the physical meaning of angle when a length of line is spoken 
of as so many radians. 


Fic. 12. A leaky a-c. transmission line. 


If the applied voltage is alternating, and we wish to deal with the 
effective vector values (time vectors) of e and 7, we must change R to 
Z, and G to Y (Fig. 12), so that 


a= +VZY = + V(R + jX1)(G + jBo). (126) 
If R and G are negligible compared with X and B, then 
(12c) 


and 


Eye* (13) 


In Eqs. 13 and 14, e and 7 and Ey and J, are all effective values of 
time vectors, and therefore we will not have any occasion to speak of 
anything like sin wt. 


Fic. 13. Alternating current and voltage distribution in a loss-free line of unlimited 
length, or one equivalent to unlimited length as in surge-impedance loading of a line. The 
vectors are of constant magnitude but with continuously changing phase along the line. 


Equations 13 and 14 mean that the voltage and current vectors 
are constant in magnitude but change their phases as we go along the 
line, like the radii of a cork screw (Fig. 13). 

There is no thought of either a circular or a hyperbolic sine or cosine 
in the foregoing telegraph line equations or in the a-c. line equations 
for a line of unlimited length. 
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Keeping the lines still unlimited in length, let us connect a second 
source of voltage of arbitrary magnitude to the line at some distance 
from the first source of voltage. Figure 14 shows the distribution 
curves produced by each voltage. These intersect (that is, have the 
same value) at some point O along the line. Let us choose that point 
as the origin of coordinates, for then the coefficients Ey of e4 and es 
will be identical, because, as pointed out above, E> is the voltage at the 
chosen origin and not that at the battery. Accordingly, the resultant 
voltage, e:, in the zone A—B, will be 


= €a + Cp 
= + (15) 
= Ey(et* + 


ll 


Obviously, at x = 0, e, = 2E». Suppose we replace 2E» by the 


symbol Then 


(16) 


The current equations will be similar except for the algebraic signs 
of the two components, because they flow in opposite directions. Thus, 


i, = — tp. (17) 

: ‘ At O, the two currents will be equal and opposite, and the equation 
; of the resultant current will take the form 


(18) 


+ eres. * 2x 


Fic. 14. The leaky telegraph line excited from two different points, 
giving rise to hyperbolic functions. 


We observe the hyperbolic cosine and sine in Eqs. 16 and 18, and 
realize that they originate from the superposition of two excitations 
applied at different points on the line. Now we shall consider a very 
common way of bringing about the same situation without the benefit 
of a second source of voltage. 
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We have seen that, at O, the voltage is doubled and the resultant 
current in the wire is zero. Now in any circuit where the current is 
zero, the wire can be cut without affecting the phenomena anywhere; 
therefore, the line in Fig. 14 can be cut at O, and the system to the right 
can be thrown away without affecting the phenomena to the left of O. 
Equations 16 and 18 still hold in the zone AO, but now they are the 
equations of a finite line with a single source of voltage at one end and 
open at the other end. 

In order to expose the full physical significance of the cut line, Fig. 
15 shows the retained portion A-—O of the line, with the component 
currents and voltages in solid lines, and extrapolations of e@4, ta, in 
dotted lines that happen to coincide. It may be observed that eg is 
the mirror image of the dotted e4, and 1» is the reversed mirror image of the 


dotted 74. 
Pp 


| 


Fic. 15. The open-circuited leaky line giving rise to reflection and the same kind 
of current and voltage distributions as in Fig. 14. 


Obviously, an open circuit reflects the impinging voltage with its 
sign unchanged, the impinging current with its sign reversed; and so 
it comes about that we can get two exponentials of the proper kind to 
constitute a hyperbolic sine and a hyperbolic cosine distribution. 

As Example II, we might consider the battery at B (Fig. 14) with 
reversed polarity, in which case we would find that now at O the current 
doubles and the voltages cancel out. With zero potential at O, that 
point may be grounded, after which the right-hand section of the line 
may be cut off and thrown away, without affecting the phenomena on 
the left-hand section. Interpreting the significance of these results, 
we would then arrive at the conclusion that, at a short-circuit, current 
is reflected with original sign, voltage with reversed sign, thus yielding 
a second exponential to match an impressed exponential distribution 
and produce a hyperbolic sine or cosine distribution. 

For an Example III, we need merely hint now that starting with the 
spiralling vector a-c. voltage of Fig. 13, if we should impress a similar 

4 For those who have a previous concept about reflection from an open circuit, and find it 
difficult to reconcile it with the foregoing, the hint may be given that what is reflected is always 


what would normally have gone past the point of reflection. Not PQ (Fig. 15) but QU will 
be reflected. Otherwise, how can a thing that hasn’t touched the reflecting point be reflected? 
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excitation, but with a negative spiral, at another point of the line, 
and explore along the line, we would find some point at which the cur- 
rent is zero and the conductor may be cut, or some point at which the 
potential is zero and therefore the line may be grounded, etc., ending 
up with the discovery that a-c. vectors also are reflected at an open or 
short-circuited point, yielding a reflected spiral vector distribution to 
match the impressed distribution in a way to produce a circular sine 
or cosine space distribution of the vector voltage and current along the 
line. Thus it is seen that reflection at an open circuit or short circuit 
provides a matching vector to an original vector to produce a circular 
or hyperbolic function. 

SUMMARY 
(a) An angle, as ordinarily visualized, is judged by its are and is 
measured most logically by the per-unit-radius length of the arc, that 
is, as so many multiples (or fractions) of the radius, in which case the 
measure is appropriately called radians. 

(6) If the arc is recognized as the vector change in the radius 
vector, then a change in any variable, expressed per-unit variable, will 
be recognized as the angular value of the change in the variable. 

(c) Taking a vector view of the matter, ‘‘a change in any variable” 
(mentioned in the preceding paragraph) may be taken broadly, so that, 
if the variable is a vector, the change may be normal to the variable, 
or parallel to it, or mixed with normal and parallel components. A 
change normal to the variable, expressed per unit, constitutes a circular 
angle for obvious reasons. A change parallel to the variable, expressed 
per unit, constitutes a hyperbolic angle for unobvious conventional 
reasons. If the variable is a scalar, then its per unit measure of change 
will be called a hyperbolic angle. A change with both components, 
expressed per unit, then constitutes a complex angle. 

Obviously the arcs of a circular angle and a hyperbolic angle are 
perpendicular to each other. Using complex numbers, and treating 
the radius vector as the reference axis, circular radians will be imaginary 
(7) numbers, hyperbolic radians real numbers. 

(d) All per unit reckoning is understood to be like compound per- 
centage reckoning. This implies that each element of the arc, normal 
to the radius vector, will be normal, not to the initial radius vector po 
(Fig. 6), but ‘to the radius vector drawn to that-element. That is the 
vector reason why the arc takes the shape of a circle. Also, the per 
unit value of each element of the arc parallel to the radius vector will 
have to be expressed not as a fraction of the initial value of the variable 
but of the value of the variable just before that element of change has 
taken place. This is the reason why an element of arc parallel to the 
radius vector and having a given absolute length will have a different 
angular value depending on its position along the arc. 

(e) An angle may also be specified by the two radii vectors, pe 
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and p;:, bounding it. In this case, the compound ratio of p: to pi, as 
log (p2/p:), yields the same measure as the corresponding arc in radians, 
for any arbitrary values of p, and p;. This then offers a simple key to 
the logarithms of negative, imaginary and complex numbers. Thus, 
this theory makes it obvious that log (— 1) is 2j; log 7 = (w/2)j; etc. 

(f) The resultant of a variable, undergone a positive per unit 
change, and a like variable, undergone an equal negative per unit 
change, is the cosine of the per unit change if the change is normal to 
the variable; hyperbolic cosine, if the change is parallel to the variable. 
Similarly, the resultant of a variable, undergone a positive per unit 
change, and a like but negative one undergone an equal negative per 
unit change, is the sine of the per unit change, if the change is normal 
to the variable; and hyperbolic sine, if the change is parallel to the 
variable. 

(g) Matching pairs of variables such as those specified in (f) are 
obtained generally by an original (impressed) variable and its reflection 
from a discontinuity like an open circuit or short circuit. 

(h) Epsilon (e) qualifies as a natural base for logarithms because its 
various powers mean corresponding percentage increases on its base 
value which is a unit vector (e° = 1). That is, e" is a unit vector 
(along the X-axis) that has been increased n-hundred per cent, and eé! 
is the unit vector increased 1-hundred per cent. Such an interpretation 
does not apply to a” if a is not e. 
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Music-Composing Machine.*—A music-composing machine could be con- 
structed on the following principles: 

Since all musical compositions are expressed in a musical notation, composed 
of a small number of symbols, permutations and combinations of these symbols 
would produce all possible musical compositions. 

Let a machine be constructed for the rapid permuting and combining of 
musical symbols. Such machine would probably embody engineering prin- 
ciples utilized in the construction and operation of high-grade calculating 
machines. 

Musicologists would select all material produced by such a machine having 
musical value. 

The totality of such selected musical material would constitute the entire 
realm of creative music. 

It is believed that the above proposal is thoroughly practicable, and is 
called to the attention of musical machine specialists. 


Anticorrosion liquid may be pumped moisture-free into aircraft engines 
being prepared for storage, through use of a method invented by an Air 
Force sergeant in Japan. Reported to save 1000 man-hours a week, it consists 
of a compressor which draws air through a dehydrator, then pumps it into an 
oxygen tank which has been filled with the anticorrosion liquid. An engine 
may be filled by removing a spark plug and inserting a hose with a triggered 
nozzle, releasing the liquid under pressure. 


A saving of nearly 900 per cent in man-hours required to recable a 100-ton, 
100-foot stiff-leg crane has been achieved through a plan used at the San 
Francisco Port of Embarkation. Seven men, instead of 8 to 10 as in older 
methods, spliced the new five-ton cable to one end of the old cable. The old 
cable was then pulled out of the sheaves by means of a tractor, and onto a 
spare cable-reel hookup. The job was completed in nine hours, whereas an 
ordinary hand replacement operation takes two weeks. 


A photoelectric fire-detection device for aircraft use has been developed 
and is under study for possible use by the Air Force. Any kind of flame, but 
not bright sunlight, will set off the detection unit. In recent tests, a gasoline 
fire kindled in a 23-inch pan in direct sunlight was immediately detected. 
Once the flame was extinguished, all indication stopped. 


A collapsible 26-ft. dory with a 3000-lb. cargo capacity, redesigned from 
the Eskimo ‘‘Umiak”’ for the Army Transportation Corps, will be given ex- 
tensive tests this winter in Arctic waters. The 500-foot craft consists of a 
frame divided into four sections, over which fits a 60-lb. rubber-impregnated 
nylon skin. Packed in the stern section is a 10-hp. outboard motor which 
produces speeds up to 8 mph. The ‘‘Umiak’’ may be portaged by five men 
and quickly assembled. The Army hopes to find it feasible to drop the sec- 
tions by parachute. 


* This proposal was submitted to the JourNAL by Dr. Armand Lowinger, 311 Carlton Avenue, Brooklyn, N. Y. 
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FLUCTUATIONS IN PROPORTIONAL COUNTERS * 


BY 
W. F. G. SWANN! 


It has been found by P. Weisz and the present author that a cosmic 
ray traversing similar path lengths in two proportional counters gives 
pulses A and B which are unequal, A being sometimes less than and 
sometimes greater than B. The path length was 20 cm. of mercury in 
argon at a total pressure of 40 cm. of Hg. and was such as to give 
about 300 primary events. This number is far too large to provide an 
explanation of the phenomenon on the basis of statistical fluctuations 
in the number of events themselves, and we must look for something 
more deepseated. 

The primary events are the emissions of secondary electrons which 
we shall call ‘‘primary secondaries.”” Each of these proceeds to produce 
others, and the ultimate number of ions responsible for initiating ava- 
lanches in the counter is the total number of ions so produced. 

Now according to theory, the average number of primary secondaries 
emitted with energies between Q and Q + dQ is 


dQ 
dN=A or (1) 
with a lower limit Q,, ~ 10 e.v. and an upper limit Qy ~ 108 e.v., A 
being a constant. Fortunately, the phenomena to be discussed are 
not very sensitive to the exact magnitude of Qy. Thus, the total 
number of primary secondaries is N, where 


N=A -4(5--9-)- approx. 
Q? Qu 
Hence 
and 
dN = (2) 


* The present communication is presented at this time as pertaining to work sponsored 
by the Joint Program of the Office of Naval Research and the Atomic Energy Commission. 
Papers on the matter have been presented by the present author before the American Physical 
Society (Baltimore, May 1-2, 1942; Cambridge, April 25-27, 1946). Since, however, the 
mathematical details given in the papers were not given in the abstracts (Phys. Rev., Vol. 61, 
p. 734 (1942); ibid., Vol. 69, p. 690 (1946), the present paper is written with the object of 
supplying such details. 

1 Director, Bartol Research Foundation of the Franklin Institute, Swarthmore, Pa.; and 
a Senior Advisor, Franklin Institute Laboratories for Research and Development, Philadelphia, 
Pa. 
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The number of ions ultimately attributable to a primary secondary 
is proportional to Q, and it is of interest to ascertain the value Q, of Q 
such that half of all the ionization is produced by primary secondaries 
whose energy is greater than Q.. The value of Q, is given by 


(3) 


(4) 
Putting Q,, = 10 and Qy = 10%, we find Q. = 3.2 X 104 e.v. Thus 
half the total ionization is produced by the very few primary secondaries 
which have energy greater than 3.2 X 10‘ e.v. Naturally, the statis- 
tical fluctuation in these very few high energy primary secondaries is 
very great and carries with it great fluctuations in the ionization as 
measured. 
The fraction P of the N primary secondaries, with Q > Q,, is 


Ou ~)/ = approx. (5) 


Hence P = 10/3.2 X 104 = 3.2 & 10-4. 
The average number of cases where Q > Q, in the passage of a 
primary through the counter along the path designated is 
PN = 300 X 3.2 X 10-4 = 0.1. 


Now if, as a first approximation, we assume that the number of 
primary secondaries for Q > Q, shows fluctuations in accordance with 
Poisson’s law, so that the fraction F of the primary rays which give n 
primary secondaries is 


where x is the average number of primary secondaries per particle, we 
have x = 0.1. The values of F for n = 0, 1, 2, respectively are 0.9, 
0.09, 0.005. Thus, in 90 per cent of the cases, phenomena which, on 
the average, contribute 50 per cent to the total ionization are absent. 

Suppose now we should ask for the value Q,; of Q for which 60 per 
cent of the ionization is produced by primary secondaries with Q > Q. 
Equation 3 becomes replaced by 


2/3 
log = log ox) 
Q, = 


Q, = 104/1.6. 


j 
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@, dQ Cm dQ 
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log = log |_| 
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For this case (5) becomes replaced by 


Qm 
P= = 1.6 X 10-4 
Qi 


PN = 300P = 0.48, 


and from Poisson’s formula we find for » = 0, 1, 2, respectively, the 
values 0.62, 0.30, 0.07, so that, in 62 per cent of the cases of passage 
of a primary through the counter, events are missing which constitute 
60 per cent of the total average ionization. 

The situation raised by the foregoing considerations is, of course, 
but further complicated by the fact that the dimensions of the counter 
will, in general, limit the range of action of primary secondaries of 
large energy. 


and 


Further Considerations 


The total energy in all the ions produced by the primaries and 
secondaries is W, where 


d 
W = QdN = NOn log (6) 
If n is the average total number of ions produced per centimeter of 
path, / the path length, 7, the number of primary secondaries emitted 
per centimeter of path, e the energy per ion, we have 


(7) 


nel = In,Q,, log 0 


_— Qm log Q M 


e 
If Q, =e = 10e.v., and Qy = 10% ev. 


which is larger than it should be. However, n/n, is quite sensitive to 
the exact form of (1). Thus, if we should alter (1) to 
4-22 


dN = A 


we should have 


approx. 


! 
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so that (2) becomes replaced by 


dN = N(1 + 


replaced by 


Equation 6 becomes 


and (8) becomes replaced by 


Thus, if e = 0.2, 0, =e = 10 e.v., = 10° ev. 


which approximates a more reasonable value. 
On the other hand, (3) becomes changed to 


1 


+ 
Ow 
so that, if Q,, = 10, Qw = 10° and ¢ = 0.2 
= 202. 
Moreover, (5) becomes changed to 
On 
P= (2) approximately (10) 


( 1 
= (560 = ().02 


PN = 300 X 0.02 = 6. 


The value of F for the case » = 0 is now negligible instead of being 0.9. 
On the other hand, if we ask for the value Q, of Q for which 25 per 
cent of the ionization is produced by primary secondaries with Q > Qi, 


(1 + 1 1 
€ Q m Q M 
€ 
N 1 + € 1 Qn 
€ Q M 
4 n 
= 6, 
Np 
Pes 
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we have, by suitable modification of (9) 


Qu 


Moreover, (5) becomes changed to 


l+e 
P= approx. 
1 


P= = 0.48 X 

Hence, with N = 300, PN = 0.14, which leads to the conclusion that 
in a fraction e~°-'', that is, in 87 per cent of the passages of a primary 
ray through the counter, events responsible for 25 per cent of the 
ionization will be missing. 

While, therefore, the foregoing calculations serve to show the sharp 
dependence of the statistical effects upon the exact form of the law 
exemplified in (1), they show the vital importance of such effects on 
the interpretation of experimental data. 

While the foregoing considerations have been developed with cosmic 
rays as the primaries in mind, there is every reason to expect similar 
considerations applicable to nuclear particles of much smaller energy, 
with energies, in fact, comparable with those of 6 rays. 


so that 
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Atomic Energy for Aircraft.—Atomic energy may some day propel super- 
sonic bombers nonstop around the world, a scientist from Oak Ridge, Tennessee, 
recently told attendants at the National Conference on Industrial Hydraulics. 

‘Atomic energy as a source of power for aircraft promises airplanes com- 
bining extremely high speed with almost unlimited range,’’ Andrew Kalitinsky, 
Chief Engineer of the NEPA Project, a Division of Fairchild Engine and 
Airplane Corporation, declared in an address following a banquet of the 
Conference. 

Kalitinsky pointed out that atomic power offers fuels such as uranium 
that would not be consumed nearly so fast as those in chemically fueled planes. 
He named high operating temperatures, heat transfer, and weight of the mass 
needed to stop radiations as some of the problems encountered. 

“Developing a nuclear aircraft power plant will be difficult,” Kalitinsky 
said, ‘‘but there are several basic types of power plants that can be adapted to 
utilize this power. All are thermal power plants, since fission energy is released 
predominantly in the form of heat. Examples would be turbo-props, turbo- 
jets, ram-jets, and rockets.” 

Because chemically fueled planes must be made larger and heavier in order 
to increase speed and range, there is a performance limit imposed. On the 
other hand, atomic fuel of almost constant size and weight and high heating 
value offers attractive possibilities, Kalitinsky told the hydraulics experts. 

“Our present supersonic airplanes run out of fuel in a matter of a few 
minutes. With atomic power, they could keep going because the fuel supply 
would remain nearly constant,” he said. 

“The engine component of the nuclear installation may be expected to 
weigh about the same as a conventional power plant of the same horsepower 
and thrust rating. Weight of the reactor shielding would be approximately 
equivalent to the weight of fuel and fuel tanks in large chemically powered 
aircraft.” 

Transfer of heat generated in the reactor to the working fluid, protection 
of the radioactive material against corrosion by the working fluid (or the 
escape of fission products from the reactor into the working fluid), and the 
choice of shielding materials, including the consideration of density and re- 
sultant decrease of volume, are among development problems cited by the 
speaker. 

“Atomic aircraft will have to be designed to operate at very high speeds 
to take full advantage of atomic power,’ Kalitinsky predicted. ‘‘It will be 
a large airplane, and it will be designed for an extremely high landing weight 
since practically no fuel wiH be consumed during flight. Crew members will 
be placed as far as possible from the nuclear reactor to protect them from 
harmful radiations.” 


j 
‘ 
| 
4 
- 
ar 
4 
| 
i 
“Ep 
ip 


THEORETICAL LIMITATIONS ON THE BROADBAND MATCHING 
OF ARBITRARY IMPEDANCES * 


BY 
R. M. FANO! 


4. THE DESIGN OF SIMPLE MATCHING NETWORKS 


The integral relations derived above indicate that the ideal type of 
behavior for the return loss at the input terminals of a matching net- 
work is represented by the rectangular-shaped function used in the 
determination of the optimum tolerance. Such a behavior cannot be 
obtained in practice because it requires a matching network with an 
infinite number of elements, but can be approximated sufficiently well 
for practical purposes by means of a reasonably small number of ele- 
‘ ments. In other words, the function representing | :| must be selected 
in such a way as to approximate a constant over the pass band and unity 
over the attenuation band, just as in the case of conventional filters. 
It must be pointed out, however, that filters are designed in most cases 
to provide a perfect match at a number of frequencies in the pass band, 
while such a situation is to be avoided in the case of matching networks. 
In fact, making In 1/|:| very large at any point of the pass band leads 
to an inefficient use of the areas represented by the integrals discussed 
above, and results, therefore, in a reduction of the bandwidth of approxi- 
mate match. In spite of this essential difference between the char- 
acteristics of filters and matching networks, the same techniques can 
be used in both cases for the solution of the approximation problem. 
This point is made clear by the illustrative examples discussed below. 

A very simple and important type of matching problem is presented 
by the case of a load impedance consisting of a resistance in series with 
an inductance, or by the dual case of a resistance shunted by a con- 
denser. Practical problems of this type arise, for instance, in connec- 
tion with the broadbanding of the high-frequency response of matching 
transformers, or when a resistive load is shunted by a stray capacitance. 
A method of designing appropriate matching networks for a series RL 
impedance is developed below. The same method will be directly 
applicable to the dual case of a shunt RC admittance. 

The pass band desired in most of these problems extends from zero 
frequency to some cut-off frequency w.; the ideal behavior for the 
return loss is, therefore, that illustrated in Fig. 6. Let ZL, be the value 
of the inductance normalized with respect to the series resistance, that 


* Continued from the January issue of the Journal, p. 57. 
' Department of Electrical Engineering, Massachusetts Institute of Technology, Cam- 
bridge, Mass. 
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is divided by it. The coefficient Af is, by definition, 


A? = (in (31) 


The maximum theoretical pass-band value of In 1/|p:| is, therefore, 
according to Eq. 24 


The problem consists, then, of approaching this theoretical limit by 
means of a matching network involving a finite and prescribed number 
of elements. 


ie) 0.2 04 06 08 1.0 12 1.4 1.6 


Fié. 16. Typical frequency behavior of p: with Tchebysheff approximation 
(computed for the network of Fig. II-1). 


= 
= 
= 


The general remarks made above indicate that the inductance Li, 
which forms the network N’, may be considered as the first element of 
a low-pass filter, the network N, whose input reflection coefficient is pi. 
This reflection coefficient cannot be measured in practice, because the 
inductance L, is inseparable from the resistive termination; its magni- 
tude, however, is equal to the magnitude of the reflection coefficient pz 
at the other terminals of the filter to which the generator will be con- 
nected in actual operation. 
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Two types of functions are used for the solution of the approxima- 
tion problem in the case of low-pass filters (3, 8).2. The first type of 
function is the Tchebysheff polynomial 7,,(w/w.) which leads to a func- 
tion |p:| which oscillates between two given values in the pass band, and 
asymptotically approaches unity in the attenuation band, as illustrated 
in Fig. 16. The second type of function is the Jacobian elliptic function 
which leads to an oscillatory behavior of |p:| in both the pass band 
and the attenuation band. In the first case, all the zeros of transmission 
are at infinity so that the network consists of a simple ladder structure 
with a total of m series inductances and shunt condensers. In the second 
case, zeros of transmission are present at finite frequencies as well as at 
infinity, and the resulting network has a form similar to the ‘‘m-derived” 
filters. The design involving elliptic functions leads to a slightly better 
tolerance, but the difference does not seem to be worth the resulting 
theoretical and practical complications. 

The Tchebysheff polynomial of the first kind and order 1 is defined 
by 

= cos (n cos x). 


It is clear that this function oscillates between plus and minus one for 
|x| <1, and approaches + © for |x| > 1. In order to obtain the 
function |p;|?, one first constructs a function |¢|? which has oscillatory 
behavior in the pass band, is smaller than unity, and has all its zeros 
at infinity. Letting x = w/w., one obtains 


1/|t|*? = (1 + K’) + &T,7(x), 


where K and « are arbitrary constants. The corresponding magnitude 
of the reflection coefficient becomes, after appropriate manipulation, 


= 1 — = [pi(z)p.(— 2) 


| cosh n(sinh~! zg — b) cosh n(sinh-! z + 6) 
| cosh n(sinh-! z — a) cosh n(sinh-! z + a) 


even) 

(34) 
sinh n(sinh~! z — 6) sinh n(sinh-! z + bd) 

| sinh n(sinh—! z — a) sinh n(sinh- z + a) 


where z = \/w., sinh? nb = (K/e)?, and sinh? na = (1 + K?)/e. 
poles of this function are evidently given by 


ong +a + + »| (n even), 
Zp = (35) 


sinh (n odd), 


? The boldface numbers in parentheses refer to the references appended to this paper. 
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where m is an integer or zero. The zeros are given by the same expres- 
sion in which 3 is substituted for a. It will be noted that the poles lie 
on an ellipse centered at the origin with semiaxes equal to cosh a and 
sinh a, as indicated in Fig. 17 for the two cases of m = 3 and n = 4. 
The zeros lie similarly on an ellipse of semiaxes equal to cosh 6 and 
sinh 

The poles of p; are necessarily those poles of [[o:(A)ei(— A) ] which 
lie in the left half-plane; that is, a must be taken with the negative 


4 iw 


= 
| 
i 


sinh a 


Fic. 17. Location of the poles of p:(A)p:(— ) for a network with three or four elements. 


sign. The zeros of pi, on the contrary, can be located anywhere in the 
complex plane, as far as the physical realizability of the function is 
concerned. It has been shown before, however, that the area repre- 
sented by fj” In 1/|p:| dw is a maximum for a given Af when all the 
zeros of p,; are in the left half-plane. Therefore 6 must be taken also 
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with the negative sign. The coefficient Af corresponding to the result- 
ing function p; is then computed by means of Eq. 10 as follows 
sinh a — sinh b 

sina/2n (36) 


Ar = Lo — Api) = We 


The quantities a and 6 must satisfy this equation since A? is specified 
by the load impedance through Eq. 32. In addition, a and 6 must be 


AP 


Fic. 18. Design curves for a ladder network with n elements. 


chosen so as to minimize the tolerance of match. One obtains from 


Eq. 34 
cosh nb (37) 


! 
max cosh na 


This value is then minimized, subject to the condition imposed by 
Eq. 36, by using the method of indeterminate multipliers. The result is 


tanh na tanh nb 
cosha _coshd (38) 


The parameters a and 6 are determined, finally, by solving simultane- 
ously Eqs. 36 and 38. The resulting optimum value of sinh a is plotted 
in Fig. 18 as a function of A?/w, for different values of up to and 
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including 8.* The corresponding values of sinh 6 can be obtained by 
means of Eq. 36. 

The optimum value of the tolerance can be determined by means of 
Eq. 37. Figure 19 presents a plot of In 1/|1| max as a function of A? /w, 
for different values of m. The curve indicated with = « is the 
straight line of slope equal to 7/2 which represents the limiting value 
of the tolerance given by Eq. 24. It will be noted that this limiting 
value is approached reasonably well with a relatively small number 
(n — 1) of elements in the matching network. In the limit, when n 
approaches infinity and both a and 6 approach zero as 1/y¥n, Eqs. 36 
and 37 yield Eq. 24, as one would expect. 


aes 


Fic. 19. Tolerance of match for a low-pass ladder structure with » elements. 


After determining the function p;, one can compute, finally, the 
values of the elements of the matching network. For this purpose, 
any one of the available synthesis procedures can be followed, a dis- 
cussion of which is beyond the scope of this paper (3,8). It seems 
appropriate, on the other hand, to mention a method of computing the 
element values developed by the author in connection with the match- 
ing problem. This method has the advantage of permitting direct and 
independent computation of the individual elements from the values 
of a and 6 determined above. 


’ These curves are obtained from computations made by Dr. M. Cerrillo, following a 
graphical procedure suggested by Dr. E. A. Guillemin. 
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Consider a ladder structure consisting of series inductances and 
shunt condensers. The A® coefficients can be computed from the poles — 
and zeros of 9; by means of Eq. 10. On the other hand, the coefficient 
A%,-1 depends only on the first k elements of the ladder, so that the 
value of the kt element depends only on the coefficients with subscript 
smaller than or equal to 2k — 1. It should be possible, therefore, to 
compute the values of the elements directly from the A* coefficients, 
and these in turn from the values of the parameters a and 6. Appro- 
priate equations have been derived for k = 4, by computing the A* 
for a ladder structure with four elements, and solving the resulting set 
of equations for the element values. The procedure is straightforward 
but very laborious, and therefore only the final results are given here. 

Let the successive elements of the ladder be Zi, C:, L3, etc., and 
also let 


A; 


AS 
(A,)§ 
One has for the elements 


2 Li 
Af as 1 + (as/ as) 
[1 (as/as) PLi 
+ as — + (as/as)? (az/as) 
In the particular case of the functional form for p; discussed above, one 
obtains by means of Eq. 10 
sinh 3a — sinh 3b | sinha — sinh 2) 
3 sin (32 /2n) sin (1/2n) 
sinh 5a — sinh 5d | sinh 3a — sinh 3b 
5 sin (52/2n) sin (37/2n) 
sinh a — sinh } 
sin (1/2n) 
sinh 7a — sinh 7b | sinh 5a — sinh 5d 
7 sin (77/2n) sin (52/2n) 
sinh 3a — sinh 3) sinh a — sinh b 
sin (37/2n) sin (7 /2n) 
It will be noted that the equations given above are sufficient for the 
design of a structure with eight elements. In fact four elements can 
be computed by operating from one end of the network and the other 
four by operating from the other end. The reflection coefficient p, 


which must be used in the second part of the design can be obtained 
from p; in a simple manner, as indicated in Appendix I. One must 


As 


== 2? 1/3, 1/5, —1/7. (39) 


Li = 
(40) 


Cs 


(41) 


—2 
— 27*w,3 


As = 2~*w,$ 


+2 (42) 


—6 
— 


+3 (43) 
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keep in mind, however, that the network will, in general, involve an 
ideal transformer, since both terminations are assumed to be equal to 
one ohm. The turns ratio of the transformer can be determined easily 
from the zero-frequency behavior of the network. IIlustrative examples 
are presented in Appendix II. 

Next consider the design of a matching network for a load im- 
pedance consisting of a capacitance shunting a series RL combination. 
A problem of this type may arise in connection with the high-frequency 
response of step-up transformers, as discussed in Appendix III. The 
limiting tolerance for this matching problem is given by the curves in 
Fig. 7. This optimum tolerance was obtained by introducing a zero 
of p; at a point ¢, of the positive real axis together with a symmetrical 
pole on the negative real axis. The same technique is used in obtaining 
the appropriate function for p: when the matching network must con- 
tain a specified number of elements. Also the same approximation 
function can be used for |»p;| as in the case discussed above, because the 
addition of a zero and a pole symmetrically located with respect to the 
imaginary axis leaves the value of |p:| unchanged for imaginary values 
of }. One obtains, in this case, from the conditions of physical realiza- 


bility for pu, 


_ sinh a — sinh b 
A; sin (x /2n) + 2¢,/W-, (44) 


— = + 1/3) = 

, {sinh 3a — sinh 36 . sinha — sinh bd 
( 3 sin (32/2n) sin (1/2n) 


The maximum pass-band value of |»:| is still given by 


cosh nb (46) 


max = cosh na 


The parameters a, b, and ¢, must be determined in such a way as to 
minimize the value of |p:| max and satisfy, at the same time, the equa- 
tions above. This minimization process involves the solution of a 
system of transcendental equations. No convenient graphical pro- 
cedure could be developed in this case. 

Once a, b, and ¢, have been determined, the values of the elements 
can be computed by following a procedure very similar to the one dis- 
cussed above, but in this case a Darlington section (3) of type C (see 
Fig. I1I-2) is present in addition because of the zero of transmission at 
4 =¢,. An illustrative design is carried out in Appendix ITI. 

The design of matching networks for impedances of a more complex 
nature than those considered above is hampered in most cases by 
mathematical difficulties which lead to laborious numerical and graph- 
ical computations. It must be said, however, that many matching 


4 
| 
3 
ig: 
} ik 
4 
= 
3 
a 
ae 
‘ 


Feb., 1950.1 BroaDBAND MATCHING OF ARBITRARY IMPEDANCES 147 


problems of practical interest are of the types discussed above, or can 
be reduced to these types by means of simple changes of the frequency 
variable. In addition, a rigorous method of design can at times be 
combined effectively with a cut-and-try procedure. For instance, the 
frequency behavior of a given load impedance might first be modified 
empirically in such a way as to approximate, over the desired frequency 
band, the behavior of a simpler impedance function for which a rigorous 
design procedure is available. In such cases the ingenuity of the 
designer becomes of primary importance, since the technique to be 
used may vary considerably from one type of problem to another. 
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APPENDIX I 


The reflection and transmission coefficients of a two-terminal-pair 
reactive network represent the characteristics of the network when 
one-ohm terminations are connected to both pairs of terminals, as 


REACTIVE 
wf NeTwoRK 


> 


Fic. I-1.. Two-terminal-pair reactive network with one-ohm terminations. 
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shown in Fig. I-1._ The two reflection coefficients are defined by 


(I-1) 


(I-2) 


where Z, and Z, are the impedances measured at the two pairs of ter- 
minals when the voltage sources are short-circuited. The transmission 
coefficient is defined, with reference to Fig. I-1, by 


9) 


The physical significance of these coefficients is best understood by 
inserting two transmission lines of unit characteristic impedance be- 
tween the network and the terminations. The reflection coefficient p, 
is then the ratio of the voltage of the reflected wave to the voltage of the 
incident wave measured at terminals 1 for E; = 0; p: has the same 
significance for terminals 2. The transmission coefficient ¢ is the ratio 
of the voltage of the transmitted wave at terminals 2 to the voltage of 
the incident wave at terminals 1, for E, = 0. Because of the reci- 
procity theorem, the same value of ¢ is obtained for transmission in the 
opposite direction. 

It is clear from the above definitions that |i]? is the per unit power 
reflected and |¢|* is the per unit power transmitted. Since the network 
is non-dissipative, one obtains 

= |p|? = 1 — (1-4) 


This equation implies that any function of the complex variable 
X = o + jw which is to represent a reflection or transmission coefficient 
must have a magnitude smaller than, or equal to, unity at all points of 
the imaginary axis, that is at real frequencies. In addition, all the 
poles of this function must lie in the left half of the complex plane, 
because, otherwise, the network would oscillate upon any random dis- 
turbance. It can be shown (3, 8) that this condition on the poles to- 
gether with the condition on the magnitude on the imaginary axis are 
sufficient as well as necessary conditions for the physical realizability 
of a reflection coefficient. In the case of a transmission coefficient, one 
must add the condition that the zeros be present in pairs symmetrical 
with respect to the imaginary axis (3, 8). It is understood, of course, 
that any reflection or transmission coefficient of a lumped-element 
network must be the ratio of two real polynomials in the complex 
variable 
If the reflection coefficient p; of a network is written in the form 

(A — Apr)(A — Age) (CA — Aga)’ 


p(k) = K 


1] 
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it can be shown that the reflection coefficient p2 is given by 

(A — Api)(A — Ape) (A — Apa) 

The X,; and the \,; are, respectively, the zeros and poles of p; K is a 


real constant. 
A relation between the reflection coefficients and ¢ can be obtained 


by noting that 
— d) | 01 | [e2(A)p2( — d) ie | p2| (I-7) 
and 


pr(d) = (— 


A) Train = = 1 — (1-8) 


It follows that the reflection and transmission coefficients have the same 
denominator, and therefore the same poles. The numerator of ¢ is 
either an even or an odd polynomial, because the zeros of ¢ must be 
present in pairs of quadruplets symmetrical with respect to the origin. 
It follows that the numerator of [¢(A)é(— \) ] must be a perfect square; 
that is, its zeros must have even multiplicity. It must be pointed out 
in this regard that the function computed from either reflection coeffi- 
cient by means of Eq. (I-8) might not satisfy this requirement. In 
such a case it is necessary to multiply both the numerator and the 
denominator of the function [¢(A)t(— \)] by the root factors of the 
numerator having odd multiplicity (3, 8). These root factors must be 
carried back into p; and ps, in which they will appear after appropriate 
eliminations as pairs of zeros in the right half-plane together with 
symmetrical pairs of poles in the left half-plane. Such quadruplets of 
singularities do not change the magnitude of the reflection coefficient 
on the imaginary axis, but introduce only a phase shift. A correspond- 
ing elimination of zeros and poles in the left half-plane will take place 
in the transmission coefficient. In some cases ¢ contains a phase-shift 
factor, consisting of zeros in the right half-plane, and symmetrical poles 
in the left half-plane, and p: contains the same factor squared while such 
a factor is missing in p;. This situation indicates that an all-pass net- 
work of unit characteristic impedance is connected at terminals 2 of 
the network so as to introduce a phase shift in both ¢ and p. without 
affecting 

It can be concluded on the basis of the above discussion that a two- 
terminal-pair reactive network is completely specified by either reflec- 
tion coefficient, apart from an arbitrary all-pass phase-shift network 
connected in cascade at the opposite terminals. 


APPENDIX II 


A convenient example for illustrating the method of designing match- 
ing networks for series RL or shunt RC impedances is the high-fre- 
quency broadbanding of a matching transformer. Suppose a trans- 
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former is to be used to match a low-impedance resistive load to a high- 
impedance generator. The transformer is known to behave at high 
frequency as an inductance LZ (leakage inductance) in series with the 
load resistance Ry. Let w, = 2R,/L be the half-power angular fre- 
quency of the transformer when the load is matched to the generator 
at low frequencies. It is desired to broadband this transformer so as 
to make the loss smaller than 1 db up to a frequency w, = 3w,/2. Inci- 
dental dissipation will be neglected in this example. 

It is convenient to normalize the network to 1 ohm impedance 
level, in which case the normalized inductance becomes L; = L/R,. 
One has then, from Eq. 32, 

Ay/w. = 2/3. (II-1) 


A transmission loss of 1 db corresponds to a value In 1/|p;| = 0.79. 
Figure 19 shows that the optimum tolerance for In 1/|p:| is 1.04, and 
that a value of 0.86 can be obtained with » = 4, that is, with a matching 
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(b) 
Fic. II-1. Networks for the high-frequency broadbanding of a matching transformer. 


network consisting of two capacitances and one inductance. The cor- 
responding value of | ;|,,,, is 0.424 and the resulting transmission loss 
is 0.86 db. One obtains then from Fig. 18 and Eq. 36. 


sinh a = 0.615, a = 0.582, (11-2) 
sinh 6 = 0.363, b = 0.356. 


The corresponding function | p,| is plotted in Fig. 16 versus the normal- 
ized frequency variable x = w/w.. 

In computing the element values one obtains from Eqs. 39 to 43 

a; = — 4.493, as = 34.05, a; = — 435.1, (II-3) 


0.2225Z), L; = 1.10L,, Cy, = 0.1043Z). (11-4) 
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The turns ratio of the ideal transformer is specified by the zero-frequency 
value of |p;|, that is, in this case, by |p:|max. One has then 


turns ratio = = 1.57. (11-5) 
1 — 0.424 


The resulting network for 1-ohm impedance level is shown in Fig. 
II-1(@). In practice, the ideal transformer is combined with the match- 
ing transformer by performing a suitable change of impedance level. 
Figure II-1(6) shows the final network for a half-power frequency 
w, = 50,000 rad. per sec., a load impedance of 10 ohms and a source 
impedance of 1000 ohms. 

The same design technique can be applied to the case of a load con- 
sisting of a series (or parallel) tuned circuit if the frequency band over 
which the load is to be matched is centered at the resonance frequency 
wo of the tuned circuit. A practical example is offered by the broad- 
banding of a quarter-wave grounded antenna which behaves, to a first 
approximation, as a series tuned circuit. Suppose, for instance, that an 


1.215 


— — — —. — 


Fic. II-2. Matching network for a resonant antenna. 


antenna with radiation resistance of 30 ohms, resonance frequency of 
10 Mc per sec., and Q of 10 is to be matched to a 50-ohm transmission 
line over a 3-Mc. per sec. band with a loss smaller than 1 db. When 
this band-pass problem is reduced to the equivalent low-pass problem, 
the same design data are obtained as in the previous example, and there- 
fore the same basic matching network. Figure II-2 shows the network 
obtained by transforming the basic low-pass structure of the previous 
example into the appropriate band-pass structure with the required 
impedance level. This network can be transformed further into a chain 
of tuned coupled coils, and appropriate changes of impedance level can 
be performed so as to eliminate the ideal transformer. 


APPENDIX III 


The broadbanding of the high-frequency response of a step-up trans- 
former forms a convenient example of the technique used in matching 
a load impedance consisting of an inductance L in series with a parallel 
RC combination. In this case R is the load resistance, C is the stray 
capacitance of the secondary coil, and L is the total leakage inductance, 
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all of them referred to the primary of the transformer. With reference 
to Fig. III-1, suppose the normalized values of the elements forming 
the load impedance are given by 


C, = 1.205/w., = 2.3/w., 
where w. is the upper limit of the frequency band over which the im- 
pedance is to be matched. One obtains from Eqs. 44 and 45, after 
interchanging C and L, 
Af/w. = 1.66, — Aj/(Af)*® = 0.0475, — = 0.217. 


The optimum tolerance for In 1/|p:| is given by the curves of Fig. 7 as 
1.32, to which corresponds a value of | 1] max equal to 0.275. 


1.2 23 0.813 3.37 


0.66 1135 4.63 

Fic. III-1. High-frequency broadbanding of a matching transformer 
with stray capacitance loading. 


To obtain the proper value of sinha, one should minimize the 
value of |p1| max of Eq. 46 subject to the conditions imposed by Eqs. 44 
and 45. To avoid this tedious computation, there will be assumed for 
sinh a the same value that would be obtained if ZL. were not a part of the 
specified load impedance. In addition, the data of the problem have 
been selected, for the sake of simplicity, to yield for n = 4 the same 
values of a and b as in the example discussed in Appendix II, so that 
the maximum value of |p;| is still 0.424 corresponding to In 1/| 1] max 
= 0.86. The corresponding value of ¢,/w. is 0.5. 

The next step in the design is the computation of the quantities as, 
as, a. In this case the quantities 2/5¢,5 and 2/7¢,7 must be added to 
the right-hand sides of Eqs. 41 and 42 to take into account the zero of 
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p; at o, and the pole at — ¢,. One obtains 
a; = — 0.523, as = 0.156, a; = — 0.666. 


The values of C; and L, in Fig. III-1 are computed by means of Egs. 40, 
with due regard again to the fact that C and L must be interchanged 
because the first element of the ladder is, in this case, a capacitance 
instead of an inductance. It results that 


C; = 0.813/w., Ls = 3.37/w-. 


The ratio of the ideal transformer is still 1.57, as in the case considered 
in Appendix II, but the transformer is reversed in direction because the 
dual network is being designed; that is, impedance has been inter- 
changed with admittance. 

In addition to the elements already computed, the presence of a 
zero of transmission of the matching network at — ¢, (resulting from 
the zero-pole pair of p:) leads to a Darlington section of type C illus- 
trated in Fig. III-2. To determine-the elements of this section it is 


Fic. III-2. Darlington section of type C for a zero of transmission on the real axis. 


convenient to operate on the reflection coefficient p2, that is, from the 
opposite end of the network. It can be seen by inspection that if M 
is a positive quantity, 

MC, = = 1/4w2. 


At the same time, the reflection coefficient p, must have a zero at o, 
and therefore the impedance measured at the LZ, terminals must be one 
ford’ It follows that 


+ 1/(¢,C;) = 
o, = (1/2L,)[1 + V1 — (4L¢/C:)]. 


The + sign must be used when p.(A + ¢,)/(A — ¢@,) is positive for 
} =a¢,. The third equation required for the determination of the three 
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elements is obtained by considering the quantity (see Eq. 16) 
+ 


which is completely determined by the elements of the section. One 
obtains also, from Fig. III-2, 


As In (1 4L,/C;). 


The numerical value of Aj’ is found to be — 2. Remembering that 
L3L. = M? one has finally 


Ly = 1.135/w., L; = 0.66/w., M = 0.865/w., C, = 4.63/w.. 


The ideal transformer can be moved to the end of the structure and 
combined with the actual transformer, so that the load resistance 
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Fic. III-3. Transformation of the network shown in Fig. ITI-1. 


measured from the primary side and normalized with respect to the 
source resistance will be equal to 1.57? = 2.47 ohms. Finally, the 
coupling coefficient of the transformer in the section of type C is made 
smaller than unity by combining the transformer with the adjacent 
inductance L,. The final network is shown in Fig. III-3, in which the 
values of all elements are normalized with respect to the source re- 
sistance. 
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NOTES FROM THE NATIONAL BUREAU OF STANDARDS* 
FATIGUE LIMIT OF CHROMIUM-PLATED STEELS FOR AIRCRAFT 


Chromium plating is widely used on gages, cylinder walls, piston 
rings, and other machine parts where resistance to wear is an important 
factor. However, the advantages of chromium plating, in the absence 
of proper precautions, may be offset by the adverse effect of the plating 
on the fatigue limit of the basis metal. A recent investigation by the 
National Bureau of Standards provides information of interest not 
only to aircraft manufacturers, but also to a number of other industries 
which either produce or utilize chromium-plated machine parts. 

Specimens about } in. in diameter were machined from different. 
types of steel, and after grinding, polishing, and chromium-plating, they 
were subjected to fatigue tests. Eight or ten specimens usually were 
required to obtain the fatigue limit for any one set of conditions. In 
all cases chromium plating was found to reduce the fatigue limits of the 
steels studied. The fatigue limit generally decreased with increased 
hardness of the steels and with increased temperature of the plating 
bath. It was not possible to make generalizations regarding the effect 
of plate thickness on fatigue limit though little effect was noted. 

Two possible causes for the adverse effect of chromium plating on the 
fatigue limits of the steel were the embrittling effect of hydrogen de- 
posited with the chromium and residual stresses in the chromium. 

Chromium-plated objects are often heated with the object of im- 
proving their mechanical properties by expelling the hydrogen deposited 
with the chromium. A study was therefore made of the effect of 
heating on the fatigue limit of chromium-plated steel. The results 
showed that the fatigue limits of quenched and tempered specimens 
heated after plating decreased to a minimum value for some heating 
temperature between 100° and 300° C. and thereafter increased with 
increased heating temperatures. Fatigue limits of specimens heated 
for 1 hr. at 440° C. in some cases were 87.5 per cent of that of the 
unplated steel, whereas fatigue limits of specimens plated but not 
heated were only about 68 per cent. 

It is generally agreed that residual stresses in a material markedly 
affect its fatigue limit. Thus, in steel, compressive stresses, such as 
are produced by shot peening, increase the fatigue limit; tensile stresses 
have the opposite effect. In order to show the presence of tensile 
stresses in electrodeposited chromium and the effect of heat treatment 
on these stresses, thin-walled tubes of annealed steel: were chromium- 
plated and subsequently heated to different temperatures. After ob- 
servations of heated specimens, it was concluded that the decreased 
fatigue limit accompanying the heating of the plated fatigue-test 
specimens was due to increased tensile stresses induced in the chromium 
plate. This conclusion has been further substantiated by experiments 
showing that electrodeposited chromium subjected to a heating-and- 


* Communicated by the Director. 
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cooling cycle increases in density and thereby contracts. Since no 
significant dimensional changes occur in the steel upon completion of 
the cycle, the steel tends to restrain the complete shrinkage of the 
chromium layer and thereby increases the tensile stresses in it. If the 
chromium-plated steel is heated to 400° C. or above, the contractive 
forces in the chromium produce sufficient tensile stresses to cause plastic 
flow or rupture of the chromium plate, thus relieving the residual 
stresses in it and increasing the fatigue limit. 


PERMANENT GLOSS STANDARDS 


Permanent gloss standards, covering the entire gloss range of non- 
metallic commercial materials, are now available from the National 
Bureau of Standards. These standards, which may be used to calibrate 
any 60-degree specular glossmeter in the range from matte to high 
gloss, are made of ceramic materials for permanence, and the surfaces 
have been specially chosen for similarity to commercial materials whose 
gloss is important. Sets of the 60-degree specular gloss standards may 
be ordered from the National Bureau of Standards, Washington 25, 
D. C., for $70.00 a set. 

Measurement of gloss is becoming increasingly important in many 
industries. For example, high-gloss paper is required for good repro- 
duction of half-tone prints, and low-gloss paper for easy reading of 
material in type. Building interiors should range from semi-gloss to 
matte to prevent eyestrain caused by reflection of light sources. Out- 
door finishes, such as automotive enamels, have high gloss for perma- 
nence while matte finishes are given most war goods for low visibility. 
Gloss measurements are also important in defining the wear resistance 
of plastics and ceramics. 

The gloss measurement is essentially a simple one. When a speci- 
men is illuminated at some angle from the perpendicular, the proportion 
of the light reflected at angles near that of mirror reflection is defined 
as gloss. A critical part of the definition of gloss, however, is the 
: amount that the reflected beam may depart from the strict direction 
of mirror reflection and still be counted as contributing to gloss. With 
glossmeters commercially available at the present time, replacement of 
the lamp, for example, may introduce instrumental error unless read- 
justment is made. The new gloss standards permit a rapid check of 
instrument calibration at any time and give a basis for readjustment 

of the instrument if required. 
A set of gloss standards consists of two white Vitrolite plaques 
having nominal gloss values 1 and 90, and eight glazed ceramic plaques 
with nominal gloss values 10, 20, 30, 40, 50, 60, 70, and 80, all 43 
inches square. The plaques are calibrated with the gloss reference 
standards of the National Bureau of Standards. These measurements 
include both the true gloss and a diffuse reflectance component. 
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THE FRANKLIN INSTITUTE 


MINUTES OF STATED MEETING 
January 18, 1950 


The Franklin Institute held its Annual Stated Meeting in the Lecture Hall on Wednesday 
evening January 18, 1950, at 8:15 P.M., with approximately 200 in attendance. Mr. Nalle, 
the President of the Institute, was in the chair. 

The minutes of the Stated Meeting for December had been printed in full in the January . 
issue of the JOURNAL. There being no objection, they were approved as printed. 

The President announced that the presentation of the annual report of the Board of 
Managers would be deferred until a later meeting in the spring, because the organization had 
grown to such large proportions that the financial statements could not be ready for preserta- 
tion at this time. 

The Assistant Secretary, Mr. H. V. Bail, gave a report of the new additions in the member- 
ship of the Institute for December, which were as follows: 


The total membership as of December 31, 1949, was 5941. 

The Secretary then called for the report of the tellers appointed in accordance with the 
by-laws to count the votes for the eight Managers to be elected at this meeting. Dr. George 
S. Crampton, chairman, reported the total ballots cast, and the number received by each 
candidate. All votes were cast for the following individuals: 


E, Paul du Pont 
Walton Forstall 
Clarence L. Jordan 
Ralph Kelly 

Lionel F. Levy 
Charles Penrose 
James H. Robins 
Philip H. Ward, Jr. 


The President thereupon declared the above members elected Managers of the Institute 
for a term of three years. He thanked Dr. Crampton, Dr. Joseph S. Hepburn, and Mr. 
Penrose Hoopes for their services as tellers. 

Dr. Merle M. Odgers, President of Girard College, was then introduced by the President. 
Dr. Odgers spoke on ‘Europe Revisited.” He gave a delightful account of his post-war auto- 
mobile tours through the war-ravaged continent of Europe and through England. His com- 
parisons between the France of Benjamin Franklin's time and the France of 1949 amused his 
audience. His impressions of the reactions of the people of Europe to the Marshall Plan and 
America's aid in the European reconstruction efforts were particularly interesting and valuable. 


H. V. Bari 
Assistant Secretary 
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MUSEUM 


The conquest of darkness by means of artificial illumination has been a problem challenging 
the inventive imagination ever since man invented the means of producing fire. Although 
the earliest known forms of lighting date from about 8000 years B.C. it is a curious fact that all 
those known forms are represented in the lighting methods adopted by the white man during 
his occupancy of America, a period which covers only a little more than four centuries. A 
number of exhibits illustrating the development of lighting have been added to the Chemistry 
Section of the Museum, and attention is drawn to the chemical aspects of the principles involved. 

As long as light was produced by flame the progress was appallingly slow. Every form of 
oil was utilized as an illuminant but there was no appreciable change in lamp design for 
thousands of years. The candle is, in reality, only one form of portable oil lamp. The tallow 
or wax is melted by the heat of the burning wick, so that it is a liquid wax or oil which ascends 
the wick and assists in combustion. 

The apparent stagnation becomes comprehensible when we recall that combustion was 
not understood until the end of the eighteenth century. With the new knowledge came the 
first revolutionary improvement in lamps, the Argand lamp. This was the product of a 
chemist and it reflected the advances in chemistry rendered possible by the discovery of the 
properties of oxygen. 

Once science had entered the field, progress in illumination was so rapid that a method of 
lighting was no sooner well established than it was superseded by an improved method. Argand 
introduced his lamp in 1783 but before the century ended, experiments were being made with 
coal gas. After contemplating the abomination of using fish oil and similar odoriferous ma- 
: terials for the illuminant, it is amusing to read of the hysterical complaints about the introduc- 
k tion of the distasteful coal gas into homes. Gas succeeded in overcoming the prejudices, not 
} only because gas jets were improved but also because chemists made great strides in the refine- 
ment of the gas itself. Indeed gas lighting had reached such an established position that it was 
able, wherever it was available, to fight off the encroachments of the oil lamp when it was 
revitalized by the introduction of kerosene. 

Although coal gas figured in the next stage of development it was not in the nature of an 
illuminant. The Welsbach mantle attached to a gas jet gave a brilliant light, but it marked 
a departure from the traditional flame. Not the light but the heat from a burning gas jet was 
utilized to raise the temperature of the chemicals in the mantle to the point where they became 
incandescent. This was an entirely new approach to the problem of illumination and it in- 
spired inventors to seek other methods of producing a brilliant incandescence, most popular 
of which was to obtain heat from the resistance of metals to an electric current. 

The achievement of Thomas A. Edison has overshadowed that of all its predecessors, but 
experiments in passing an electric current through a wire in a vacuum began in England in 1809, 
and were continued at intervals in many countries. Of all the metals which could be made 
into wires or thin strips at the time, platinum and iridium were the best because of their rela- 
tively high melting points. But carbon was by no means neglected. The first American 
patent for an incandescent lamp was granted in 1858 to Gardiner and Blossom, who used a 

platinum wire. 

However, Edison did much more than invent a new lamp. He developed the system by 
which the lamps could be used in any numbers, and he made a lamp which could be made 
commercially. It was essentially the Edison lamp which was improved by the introduction of 
new filaments and the conditions those filaments required. It is seen today side by side with 
still another revolutionary method of illumination. The fluorescent lamp, in which different 
phosphors are activated by ultra-violet radiation to produce light of different colors, is thé latest 
form of indoor illumination. 

Thus for thousands of years interior illumination underwent no change except for minor 
refinements, and in the relatively short period of one hundred and fifty years there have been 
five stages of development, each of which might be called revolutionary, since each brought 

into operation untried principles. 
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The following papers will appear in the JOURNAL within the next few months: 


Fano, Ropert M.: A Note on the Solution of Certain Approximation Problems in Network 
Analysis. 

Roop, WENDELL P.: The Part of Octahedral Theory in the Study of the Plasticity of Metals. 

LEITNER, A. AND R. D. SPENCE: The Oblate Spheroidal Wave Functions. 

SILBERSTEIN, LupwiG: Developable and Developed Silver Halide Grains. 

SUSSKIND, CHARLES: Henry Cavendish, Electrician. 

MICHAELSON, HERBERT B.: Variations of Grid Contact Potential and Associated Grid Currents. 

Fo-Van CHANG: Trigonometric Series Applied to the Bending of Long Rectangular Plates to 
a Cylindrical Surface. 

HERSHBERGER, W. D. anv L. E. Norton: Servo Theory Applied to Frequency Stabilization 
with Spectral Lines. 

HEREFORD, FRANK L.: Concerning Meson Produced Secondary Electrons Emerging from 
Thin Foils. 

PENNER, S. S.: Application of Near-Equilibrium Criteria During Adiabatic Flow to Repre- 
sentative Systems. 
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THE FRANKLIN INSTITUTE LABORATORIES 
FOR RESEARCH AND DEVELOPMENT 


A Simple Television Demonstration.'.—RoBert E. BENN.? A lecture demonstration or 
laboratory experiment, utilizing two cathode-ray oscilloscopes and a photomultiplier tube, 
provides a graphic illustration of the mode of operation of a complete television system. 


SCANNING 
OSCILLOSCOPE 


> 


Fic. 1. Schematic diagram. 


A schematic diagram of the system appears in Fig. 1. Light from a raster* formed by a 
moving spot on the screen of the first oscilloscope is focused on an object. Some of this light 
is reflected from the object to a photomultiplier tube connected to the second oscilloscope 
where an intensity-modulated pattern is produced. A reduced image of the raster (Fig. 2) 


Fic. 2. Scanning and viewing raster. 


appears on the object which is to be scanned. This image, while appearing to be an area of 
uniform illumination, is actually formed by a spot of light which traverses the image area in 
the same manner as in the original raster. When this spot of light falls on a region of the 
object having a high reflectivity, a relatively large amount of light is reflected. A portion of 
this light falls on the photomultiplier and a strong signal is produced. When the spot falls on 
a region of low reflectivity, less light is reflected and a weaker signal is produced. Thus, the 
signal amplitude is proportional to the reflectivity of corresponding points on the object. 
This signal is applied to the control grid of a cathode ray tube through the Z-axis amplifier, so 
that the intensity of the electron beam in the viewing oscilloscope is controlled point by point 
in accordance with the reflectivity of the scanned object. Light shields may be provided to 
prevent extraneous light from falling on the phototube. 

Similar rasters are displayed on the screens of the two oscilloscopes. Each raster resembles 
that shown in Fig. 2, where the arrows indicate the direction of movement of the spot of light. 


1 Reprinted from American Journal of Physics, Vol. 17, No. 7, 437-438, October, 1949. : 

? Research Engineer, The Franklin Institute Laboratories for Research and Development, Philadel ia 3, Pa. 

3 Raster—a television term, defined as a predetermined pattern of scanning lines which provides su ntially 
uniform coverage of an area. 
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A high frequency sawtooth voltage applied to one pair of deflection plates in each cathode ray 
tube causes the beam to move across the screen at a constant velocity, as shown by the solid 
lines, and return with a high velocity, as shown by the dashed lines. Simultaneously, a low 
frequency sawtooth voltage applied to the other deflection plates causes the spot to move in 
a perpendicualr direction at constant velocity. The displacement due to this latter move- 
ment separates the lines and thereby forms the raster. At the end of its travel the spot returns 
with high velocity to the starting point and begins tracing out the next cycle. By varying 
the frequency ratio of the two sweep voltages, the number of lines per frame can be varied. 


PHOTOMULTIPLIER 


7s 


SCANNING OSCILLOSCOPE VIEWING OSCILLOSCOPE 
(AND FRAME FREQUENCY SWEEP GEN.) (AND LINE FREQUENCY SWEEP GFN.) 


Fic. 3. Diagram of connections. 


A diagram of connections appears in Fig. 3. The rasters are generated by operating the 
internal sweep generator of the viewing oscilloscope at the line frequency and the internal sweep 
generator of the scanning oscilloscope at the frame frequency. Since the sweep voltage of each 
is applied to the Y-axis amplifier of the other, similar rasters appear on the two oscilloscopes. 
It should be noted that this method causes the scanning raster to be rotated 90° relative to the 
viewing raster. If the viewed image is to appear in its normal position, the scanned object 
should be rotated through a right angle. 

Although almost any cathode ray oscilloscope can be used, with slight modifications, the 
Dumont Type 247 is ideal because the internally generated sweep-voltage is available externally 
at a terminal, and because it contains a suitable Z-axis amplifier. The photomultiplier used 
is a 931-A, and the cathode ray tubes are Type 5CP11-A. The phosphor color on the viewing 
tube is immaterial but that of the scanning tube should be P11 since its peak emission falis near 
the peak sensitivity of the 931-A. The multiplier voltage, 112} volts per stage, is secured from 
a bank of small 45-v dry batteries with 22}-v taps. 

The bandwidth of the system is limited primarily by the decay time of the light from the 
scanning tube phosphor. Since this decay is not instantaneous, the scanning spot tails out and 
limits the obtainable resolution. The multiplier load resistor, Rx, can be as high as 50,000 
ohms without materially reducing the resolution. 

The frame frequency should be high enough to eliminate flicker, about 30 cycle sec”. 
The line frequency can be varied to control the numper of lines in the picture, but the limit 
imposed by considerations of resolution is about 3000 cycle sec~. (100 lines). 

Using an f 3.5 lens of 50-mm focal length with the scanner, this system can transmit 
printed matter, line drawings, and simple pictures with considerable clarity. The scanned 
area must be kept small, between } inch and 1 inch on a side, in order that the amount of 
detail in the picture shall be within the capabilities of the system, and the intensity of the 
reflected light high enough to provide a sufficiently strong video signal. This equipment pre- 
sumably could be used to reproduce photographic negatives by equipping the multiplier with 
a lens and placing the negative between multiplier and scanner. Various experiments on reso- 
lution and band width that can easily be performed demand only minor additions to the 
equipment. 

Engravings through the courtesy of the American Journal of Physics 
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LIBRARY 


The Committee on Library desires to add to the collections any technical works that 
members would wish to contribute. Contributions will be gratefully acknowledged and placed 
in the library. Duplicates received will be transferred to other libraries as gifts of the donor. 

Photostat Service. Photostat prints of any material in the collections can be supplied § 
on request. The average cost for a print 9 X 14 inches is thirty-five cents. 

The Library and reading room are open on Mondays, Tuesdays, Fridays and Saturdays 
from 9 a.M. until 5 p.M.; Wednesdays and Thursdays from 2 P.M. until 10 P.M. 


RECENT ADDITIONS 
ARCHITECTURE AND BUILDING 


TOWNSEND, GILBERT. Carpentry. 1949. 


ASTRONOMY 


Hoye, E. Some Recent Researches in Solar Physics. 1949. 


AVIATION 


Apsott, IRA H. AND VON DoeENHOFF, ALBERT E. Theory of Wing Sections. 1949. 
WILkinson, Paut H. Aircraft Engines of the World. 1949. 


CHEMISTRY AND CHEMICAL TECHNOLOGY 


BorDEN, GEORGE C. AND GUTKIN, SAMUEL S._ Resins for the Paper Converter. 1947, 

CarMAN, P. C. Chemical Constitution and Properties of Engineering Materials. 1949. 

CarRNEY, THoMas P. Laboratory Fractional Distillation. 1949. 

CoPpENHAVER, JOHN W. AND BIGELOW, Maurice H. Acetylene and Carbon Monoxide 
Chemistry. 1949. 

Eppy, WALTER Ho_tis. Vitaminology; the Chemistry and Function of the Vitamins. 1949. 

Houwink, R. Chemie und Technologie der Kunstoffe. Edition 2. Volume 2. 1942. 

Jacoss, Morris B. The Analytical Chemistry of Industrial Poisons, Hazards and Solvents. 
Edition 2. 1949. 

Mritter, A. R. Adsorption of Gases on Solids. 1949. 

PARTINGTON, JAMES R. An Advanced Treatise on Physical Chemistry. Volume 1. 1949. 


DICTIONARIES 
% JAMES, GLENN AND JAMES, RoBERT C. Mathematics Dictionary. 1949. 
MartHews, R. H. Mathews’ Chinese-English Dictionary. 1947. 
WEBSTER’s Geographical Dictionary. 1949. 


ELECTRICITY AND ELECTRICAL ENGINEERING 


Outo Brass COMPANY. 


Lightning Performance of Typical Transmission Lines. 1948. 


ENGINEERING 
Fincu, VoLNEY CecIL. Jet Propulsion Turbojets. 1948. 
PARTRIDGE, J. H. Glass-to-Metal Seals. 1949. 

GEOLOGY 


GUTENBERG, BENO AND RICHTER, CHARLES F. Seismicity of the Earth and Associated 
Phenomena. 1949. 


HISTORY 
1949. 


MANUFACTURE 


PuiLpott, STUART F. Modern Electric Clocks. 1947. 
TECHNICAL ASSOCIATION OF THE PULP AND PAPER INDUSTRY. Starch for Paper Coating. 


1947, 
VeEGH, GEZA DE AND MANp!I, ALBER. The Craft of Ceramics. 1949. 


DREPPERD, Cart W. Pioneer America. 
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MATHEMATICS 


Bouza, Oscar. Lectures on the Calculus of Variations. 1946. 

Boyer, Cart B. The Concept of the Calculus. 1949. 

CHapwick, WILLIAM. The Number, Weight and Fractional Calculator. Edition 6. 1948. 
CooLipGE, JULIAN L. The Mathematics of Great Amateurs. 1949. 

CoxETER, Harotp S. M. Regular Polytopes. 1948. 

Hause, EuGEnte C. et al. Mathematics You Need. 1949. 

HeatuH, THoMas. Mathematics in Aristotle. 1949. 

Jones, DonaLpD CAMPBELL. Mining Mathematics. Edition 2. 1949, 

SOMMERFELD, ARNOLD. Partielle Differentialgleichungen der Physik. 1947. 


METALLURGY 


Henry, Otro HAZELTON AND CLAUSSEN, GERALD EDEN. Welding Metallurgy. Edition 2. 
1949. 

SMITHELLS, COLIN J. Metals Reference Book. 1949. 

ZEERLEDER, ALFRED Von. Technology of Light Metals. 1949. 


PATENTS 
RuHopEs, FRED HOFFMAN. Elements of Patent Law. 1949. 


PETROLEUM 


INSTITUTE OF PETROLEUM. Standard Methods for Testing Petroleum and its Products. 
Edition 10. 1949, 
SPENCER, OscaR F. Secondary Recovery of Oil. 1949. 
PHARMACY AND PUBLIC HEALTH 


Dixon, Matcotm. Multi-enzyme Systems. 1949. 
HaMILToN, ALICE AND Harpy, H. L. Industrial Toxicology. Edition 2. 1949. 


JENKINS, GLENN L. AND HartTUNG, WALTER H. The Chemistry of Organic Medicinal Pro- 


ducts. Edition 3. 1949. . 
PHOTOGRAPHY 


OFFENHAUSER, WILLIAM H. Jr. 16mm. Sound Motion Pictures. 1949. 
PHYSICS 


BRIDGMAN, Percy WILLIAM. The Nature of Physical Theory. 1936. 
Cosmic Radiation. 1949. 

CutTtiInG, THEODORE ABIJAH. Manual of Spectroscopy. 1949. 
Devons, S. Excited States of Nuclei. 1949. 

Moon, P. B. Artificial Radioactivity. 1949. 

PRINGSHEIM, PETER. Fluorescence and Phosphoresence. 1949. 
SOMMERFELD, ARNOLD, Mechanik der Deformierbaren Medien. 1945. 


RAILROADS 
FARRINGTON, S. Kip. Railroads of Today. 1949. 
JoHNson, EMory R. AND VAN METRE, THURMAN W. Principles of Railroad Transportation. 


1922. 
SCIENCE 


CuurRCHMAN, C. West. Theory of Experimental Inference. 1948. 
SUGAR 


CAMPBELL, JOHN. Candid and Impartial Considerations on the Nature of the Sugar Trade. 
1763. 

GLovER, RICHARD. The Evidence Delivered on the Petition Presented by the West India 
Planters and Merchants to the Hon. House of Commons. 1775. 

The Importance of the Sugar Colonies to Great Britain. 1731. 
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NOTES FROM THE BIOCHEMICAL RESEARCH FOUNDATION 


Abstract of A Polysaccharide Related to the Blood Group Substances 
and its Reaction with Borate. I. A Study by Electrophoresis.— 
Laura E. Krejci, LuciLtE SWEENY, AND CHARLES A. ZITTLE (Arch. 
Biochem., 22 :253, 1949). A polysaccharide isolated from calf intestinal 
mucosa, and related serologically to the blood group A and B substances, 
exhibits increased mobility in the presence of borate ions through forma- 
tion of diol-borate compounds of increased acidity. The mobility in- 
crements were found to vary with (1) pH, (2) borate ion concentration, 
and (3) polysaccharide concentration. Together, (2) and (3) determine 
the concentrations of the diol-borate compounds, and (1) determines 
the degree of ionization of those compounds. A sharpening of the 
electrophoresis boundaries paralleled the rise in mobility. 


Abstract of A Polysaccharide Related to the Blood Group Substances 
and its Reaction with Borate. II. A Study by Sedimentation ard 
Viscosity.—Laura E. Krejci, LUCILE SWEENY, AND JOHN HAMBLETON 
(Arch. Biochem., 22:262, 1949). At pH 8.6, sodium borate, in concen- 
trations up to 0.05 M, progressively reduced the viscosity of dilute 
solutions of blood group polysaccharide and increased the sedimentation 
constant gradually from 7.1 to 8.0 s. In concentrations up to 0.025 M, 
sodium borate increased the viscosity of concentrated solutions and 
produced a further increase in the sedimentation constant; in 0.05 M 
sodium borate, on the other hand, concentrated solutions as well as 
dilute solutions were reduced in viscosity, and the sedimentation con- 
stant was independent of polysaccharide concentration throughout the 
the same range as in borate-free solution. These changes may be 
attributed to predominance of mono-diol borate combination at low 
polysaccharide concentrations, or at high polysaccharide concentrations 
when the ratio of polysaccharide to borate is low, and the occurrence 
of di-diol borate combination, which links adjacent polysaccharide 
chains, at high concentrations of polysaccharide when the ratio of poly- 
saccharide to borate is high. 


Abstract of The Occurrence of Vegetative Cells of Clostridium 
Perfringens in Soil.-Louts DESpAIN SMITH AND MARY VIRGINIA 
GARDNER (J. Bact., 58:407, 1949). In order to obtain information on 
the form in which C. perfringens exists in the soil, the relative numbers 
of heat-resistant and heat-susceptible forms were determined in eight 
samples of soil which had not been exposed to known fecal contamina- 
tion for some years. It was found that large numbers of C. perfringens 
can exist in the soil in a form susceptible to 78° C. for 20 min. Since 
these susceptible forms are probably vegetative cells, multiplication 
of C. perfringens must take place in the soil and soil must be a natural 
habitat of this species. 
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BOOK REVIEWS 


APPLIED EXPERIMENTAL PsyCHOLoGy, by Alphonse Chapanis, Wendell R. Garner, and Clifford 
T. Morgan. 434 pages, illustrations, 15 X 24 cm. New York, John Wiley & Sons, 
Inc., 1949. Price, $4.50. 

The authors of this new book have tried an experiment, the success of which cannot be 
assessed at this time, in writing in a novel style upon a subject of mutual interest to systems 
equipment design engineers and psychologists. Applied experimental psychology can be © 
defined as the application of the knowledge of the capabilities of human beings to the design 
of instruments and combinations of instruments to form systems. The authors, all practicing 
psychologists of high repute, have presented in simple terms in this working encyclopedia for 
engineers an account of the many factors which certain engineers should recognize. Modern 
technology has been advancing rapidly, but there has been only a slow application of the 
findings of the so-called experimental engineering psychologists. The fundamental knowledge 
of human capacities, human performance, and the operating combinations of humans and 
machines, subjects of prime interest to some psychologists, can be effectively applied to the 
design and operation of machines for human use. The authors indicate how this can be done. 

The topical organization of the book makes for continued interest. Two chapters, devoted 
to elementary statistics useful in performing tests and appraising and evaluating equipment 
serve as introduction. There then follow chapters devoted to a presentation of the basic 
facts pertaining to human sensations and perceptions—how man sees, hears, and moves. 
Information of this kind can be considered as input data to the human as an engineering 
operator. The human being, operating upon the input signals, performs certain functions 
which can be considered as outputs of the human as a machine. With this scheme in mind, a 
series of three chapters considers: the fundamentals of sight, visual acuity, and optical illusions; 
instrument dials and legibility; and visual displays. 

A similarly organized triad presents: the fundamentals of hearing and sound; speech 
intelligibility; and tone signalling systems. Movements and reactions, controls for human 
use, and arrangements of working areas form another set of three chapters. The last two 
chapters are devoted to fatigue problems and the working environment. 

Much has to be said about the book in addition to the description of the contents. The 
authors have made a rather thorough search through the literature, as represented by the many 
references listed, and have in the case of each major topic, presented tables, sketches, and 
graphs illustrating in concise form the findings of past work. The vast amount of practical 
data presented in this manner can be applied with almost no change by design engineers, if 
the design engineers would only have confidence in the findings of the psychologist. This 
book, when appreciated by the engineer, may help destroy the barrier which now exists between 
many engineers and psychologists who do not appreciate the mutual nature of problems de- 
pendent for solution upon a harmonious working together of men and machines. 

This reviewer cannot close without two remarks which may be considered in any future 
editions: (1) During the past war much basic study on the subject of tracking was conducted 
at The Franklin Institute, and no reference is made to any of this work; (2) In the preface the 
authors somewhat deprecate engineers by the statement ‘‘We were academics talking about 
technical psychological matters to an engineering audience. For this reason we had made 
deliberate efforts to use small words instead of big ones—.’’ While such statements were not 
designed to ruffle the feathers of the engineering fraternity, it is suggested that future editions 
of the book should modify such statements. 


S. CHARP 
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ELEMENTS OF THERMODYNAMICS AND HEAT TRANSFER, by Edward F. Obert. 372 pages, 
illustrations, plates, 16 X 24cm. New York, McGraw-Hill Book Co., 1949. Price, $4.50. 


This book has been written by the author for use as a beginning text in undergraduate 
engineering courses in thermodynamics and heat transfer. It has been organized for one- or 
two-semester courses, and is essentially a simplified version of the author’s more compre- 
hensive ‘“Thermodynamics” published in 1948. 

The presentation is straightforward and logical. Engineering thermodynamic problems 
encountered in real machines and flow processes have been emphasized. The author has made 
a careful effort to introduce the fundamental concepts of thermodynamics to the engineering 
student as simply and directly as possible, without the usual large number of equations at the 
beginning of the book, but without sacrificing any of the rigor or continuity of the science. 
The book is amply illustrated by diagrams and graphs of thermodynamic systems, drawings 
and photographs of thermodynamic machines, and by charts and tables of properties of gases, 
vapors, and fluids. 

The text begins with a survey of engineering dimensions and units, and the fundamental 
thermodynamic concepts of energy and systems. The First Law as expressed by the general 
energy equation is introduced, accompanied by numerous practical applications to boilers, 
reciprocating and rotary pumps, nozzles, turbines, and condensers. The concept of reversi- 
bility is presented next, and is expanded by an explanation of work in closed and steady-flow 
open systems. Finally, the Second Law is defined, along with the thermodynamic concept of 
entropy, and the Carnot cycle. 

Upon this framework of fundamental concepts the properties of real fluids, the character- 
istics of perfect and real gases, the equations of flow of fluids, the characteristics of mixtures 
of gases and vapors, and the thermochemical calculations of combustion are presented. 

Applications of thermodynamic concepts and equations to practical systems is introduced 
by a presentation of vapor power cycles including the Carnot and Rankine cycles. This 
application is expanded to gas power cycles including the Otto, Diesel, and Brayton (Joule) 
cycles. The refrigeration cycle and the concept of heat pumps are finally presented. 

The last chapter is a fundamental survey of the principals and equations of heat transfer 
by conduction, convection, and radiation. 

“Elements of Thermodynamics and Heat Transfer” is a well written and illustrated, 
fundamental text in thermodynamics for engineering students which should find general 
acceptance in colleges and universities throughout the United States. 


RicHArRD A. WALLACE 


ACETYLENE AND CARBON MonoxipdE CHEMISTRY, by John W. Copenhaver and Maurice H. 
Bigelow. 357 pages, illustrations, 15 X 24 cm. New York, Reinhold Publishing Co., 
1949. Price, $10.00. 

As early as 1925 German industrialists were interested in developing a source of synthetic 
rubber from the cheap and readily available compound, acetylene. The initial task was to 
find an economically feasible method of synthesizing butadiene, a starting material of syn- 
thetic rubber, from acetylene. This project was given to one of Germany’s leading chemists, 
Dr. Julius Walter Reppe. 

Reppe successfully completed his butadiene project by 1930, then he and his group turned 
their interests to new syntheses involving the very reactive acetylene. By carefully controlling 
experiment conditions and techniques and by working at pressures of twenty to thirty atmos- 
pheres, an entirely new source of organic intermediates became apparent. Dr. Reppe and his 
associates began to apply these new found techniques to three of the most important reactions 
of acetylene; namely, vinylation, ethinylation, and polymerization. This work provided a 
large and relatively cheap source of compounds useful in the plastics industries. 

A by-product of the manufacture of acetylene is carbon monoxide, and hence the logical 
step would be to attempt to cause it to react with acetylene thus utilizing both product and by- 


product of the acetylene synthesis. After much tedious work, Reppe found that the heavy 
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metal carbonyls were the best catalysts for this, the carboxylation reaction, from which acrylic 
esters as well as several hydroquinones can be made. 

Germany, in its plan to become industrially independent and to wage war, was drastically 
in need of sources of plastics to supplant natural materials such as rubber, resins, and various 
metals which had to be imported. Factories were built, therefore, to fully utilize the techniques 
developed by Reppe, and many of them were in production during the recent war. The vast 
economic and academic importance of this research was apparent to the Allied Governments, 
and the need for an accurate and composite record of the work was essential. The gathering, 
translating, and rewriting of almost thirty tons of documents scattered all over war-torn 
Germany was given to Bigelow and Copenhaver. Together with Reppe, who was completely 
reluctant to help these enemies of his country, the work was gradually accomplished and, 
even though by no means complete it stands unique in the field. 

The book may be divided into five parts; 1. Synthesis and Reaction of Acetylene under 
Pressure, 2. Polymerization of Acetylene, 3. The Carboxylation Reaction, 4. Synthesis and 
Reaction of Homologs of Acetylene, and 5. Techniques for the Safe Handling of Acetylene 
under Pressure. The authors successfully trace the development of this new branch of chem- 
istry and include, besides the reactions themselves, thorough engineering details of equipment, 
catalysts, yields, and even many of Reppe’s own theories. A general bibliography of German 
acetylene chemistry is included to provide a source of detailed information for those interested. 

All of the basic work is covered in the book, but many of the reactions are given rather 
cursory treatment. However, being confined to a single volume, some material had to be 
deleted. It is written in a straightforward and easily readable style, and a flow sheet of re- 
actions is put at the end of each chapter to facilitate the remembering of the huge amount of 
subject matter. The book is offered as a sort of handbook of information in this new field, 
and even though it is not complete its merits far outweigh this shortcoming. The book should 
be a valuable addition to the library of the chemist and research worker in the field of acetylene 


chemistry. 
DonaLp H. RusSELL 


PRINCIPLES OF AERODYMANICS, by James H. Dwinnell. 391 pages, illustrations, 16 X 24 cm. 

New York, McGraw-Hill Book Co., 1949. Price, $5.50. 

This is a distinctive text written specifically as an undergraduate course on the theory and 
application of aerodynamics. Its theoretical and practical aspects are ably presented by the 
author, and a wealth of experimental data is included for comparison with theory. The theme 
of the book may best be described as the unfolding of aerodynamic principles and the verifica- 
tion of these principles by recent test data. 

The first few chapters deal with the fundamentals of motion, the air properties, aero- 
nautical nomenclature, and experimental facilities. This is an absorbing book for the student 
and familiarizes him with fluid dynamics, airfoil characteristics, the influences of aspect ratio 
and wing plan-form, viscosity phenomena and compressibility phenomena which form a good 
foundation for any advanced studies in the field of aerodynamics. 

A chapter is devoted to the development of the airfoil and includes many test data on the 
present day low-drag type. The use of auxiliary lift devices, boundary-layer control, and dive 
brakes is discussed, using illustrations, thus pictorially showing their effect. 

Airplane performance, stability and control are discussed in detail which familiarizes the 
student not only with the usual means for their determination, but discusses also parasite-drag 
and power considerations, aircraft engines, and propellers. 

Throughout the book there are many numerical examples used to clarify explanations and 
theoretical concepts. A wealth of illustrations is employed and the photographs of experi- 
mental testings are of excellent reproduction. 

Although written principally for the student, this book is a valuable asset for aerody- 


namical reference. 
Max W. BERG 
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RAILROADS OF Topay, by S. Kip Farrington. 306 pages, plates, 15 x 22 cm. New York, 
Coward-McCann, Inc., 1949. Price, $6.00. 


For the railroad fan the appearance of a new railroad book is always a welcome event. 
But this book should also have a wide appeal to the non-fan, for even though he never travels 
a train, he benefits indirectly from railroad service, and here Mr. Farrington presents a picture 
of railroads today and of their efforts to make their service better. The author of several 
railroad books, he describes the details of many of the modern developments in this vital field of 
transportation, using different railroads as typical examples. 

After an introductory chapter in which the author takes the reader for a ride on typical 
but mythical coach and Pullman trains, he proceeds to a description of the development of 
the modern Diesel, which on some roads has completely replaced the steam locomotive. Then 
is introduced the new Twentieth Century Limited, still a name to conjure with in this age of 
many great name trains. The equipment is described in considerable detail and adequately 
conveys the many comforts and conveniences to be found on this train. Throughout the book 
there are descriptions of other fine trains such as the Powhatan Arrow of the Norfolk and 
Western, the Empire Builder of the Great Northern, and the Cincinnatian of the Baltimore 
and Ohio. Other chapters are devoted to such specialized types of trains as mail trains on the 
Santa Fe, fruit trains on the Missouri Pacific and stock trains on the Union Pacific. 

Foremost among recent technical developments has been centralized traffic control or 
C.T.C. After discussion of coded track circuits and their use in signalling, Mr. Farrington 
gives an account of the subsequent development of C.T.C. which permits a train dispatcher 
to handle traffic one hundred miles or more away from his office. This one improvement has 
enormously increased the capacity of the railroads to handle traffic, especially when it has 
been installed on single track lines. Examples of C.T.C. in action are given on such varied 
roads as the Norfolk and Western, Santa Fe and Union Pacific. 

Other technical developments and improvements noted are the Chesapeake and Ohio's 
“500” steam turbine locomotive, roller bearings on cars, new motor car signals, and retarder 
switching yards installed on the Union Pacific at Pocatello and North Platte. The railroads 
have also introduced new service features such as the ‘‘Sentinel Service’ of the Baltimore and 
Ohio for speeding freight shipments, and the central ticket reservation system of the Chesapeake 
and Ohio. 

As in others of Mr. Farrington's books, there is a large number of photographs of railroads 
in action which will delight any railroad fan. The shots of locomotives are about equally 
divided between steam and Diesel. One minor criticism of the book that might be offered is 
that Mr. Farrington has been rather repetitious of some of his facts, when there seems nothing 
to be gained by such repetition. 

This volume is one that will entertain and inform those who are already railroad en- 
thusiasts, and for those who are not, it will serve as an excellent account of the efforts the rail- 
roads are making to offer improved service to the public. That so much has been accomplished 
in the face of subsidized bus and air competition and heavily increased costs, is a tribute to the 
vitality and generally good management o; the railroads. 

G. E, PETTENGILL 


BOOK NOTES 


INDUSTRIAL CHEMISTRY, AN ELEMENTARY TREATISE FOR THE STUDENT AND GENERAL READER, 
by Emil R. Riegel. Fifth edition, 1015 pages, illustrations, diagrams, 15 X 23cm. New 
York, Reinhold Publishing Corp., 1949. Price, $7.00. 

This well-known textbook has been largely rewritten and brought up to date. Among the 
chapters which have undergone extensive revision are those on glass, sugar, water and sewage, 
petroleum, photography and the utilization of wood. New processes have been described 
and new products and uses included. As in the earlier editions, the author has had the col- 
laboration and advice of numerous specialists. 
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OuTLINEs OF Foop TecHNoLoGy, by Harry W. von Loesecke. Second edition, 585 pages, 
illustrations, diagrams, tables, 15 X 23cm. New York, Reinhold Publishing Corp., 1949. 
Price, $7.50. 

Since the appearance of the first edition of this work some eight years ago, there have been 
significant improvements in food processing. This new edition has incorporated not only a 
discussion of these new techniques, but also a consideration of new products and advances in 
design of equipment. Advantage has also been taken of the opportunity to eliminate the errors 
of the earlier edition. 

The general scope of the work remains the same, to describe the more important food 
processes and their application to different foods. Ample references to the literature are in- 
cluded for those desiring further information. 


THE AMERICAN ANNUAL OF PHOTOGRAPHY, 1950. Volume 64, edited by Frank R. Fraprie and 
Franklin I. Jordan. 246 pages, illustrations, plates, 18 X 25 cm. St. Paul, American 
Photographic Publishing Co., 1949. Price: paper, $2.00; cloth, $3.00. 

This edition of the American Annual of Photography should appeal to more than just the 
photographically inclined readers of the JOURNAL, for it contains several articles bearing on 
scientific and industrial applications of photography. The longest is entitled ‘Photography 
in Industry and Science” by Glenn E. Matthews, in which he points out four broad types of 
uses. These are: 1. simple records of objects and events; 2. multiple records for observing and 
measuring changes which occur with time; 3. records of fast-moving and of slow-moving events; 
and 4. records of invisible phenomena. Various examples of each of these types are given 
with illustrations, among which might be mentioned newer techniques in aerial photography, 
ultrafax, and radiographic applications. 

Henry M. Lester in his article “The Motion-Picture Camera in Science and Industry’’ 
emphasizes the use of the camera as a research instrument. Ronald L. Ives offers some com- 
ments on the selection of photographic equipment for use in the field sciences—geology, geog- 
raphy, meteorology, and others, in his paper “The Camera as a Field Research Tool.”’ 

Technical material on photography itself is offered in articles on developers and develop- 
ment, printing exposure determination by photoelectric methods, contrast control processes, 
and brown toning. 

The artistic side of photography is treated in articles discussing children, nature, snow 
scenes and airports as subjects. The work of José Ortiz-Echagiie is described and depicted at 
some length. The customary section of pictorial illustrations is represented by an interesting 
selection of prints. 

A variety of subject matter insures a wide appeal for this volume. 


GRUNDZUEGE DER ANGEWANDTEN GEOELEKTRIK, by Volker Fritsch. 412 pages, illustrations, 
diagrams, tables, 15 X 23cm. Wien, Manzsche Verlags-und Universitatsbuchhandlung, 
1949, Price not given. 

In this volume Dr. Fritsch treats of that phase of geophysics which considers the electrical 
characteristics of the subsoil and the bodies contained therein. Because of the many practical 
applications which can be made of geoelectrical techniques, the subject is one which merits 
this study giving an over-all view. 

In his treatment the author considers first the geological conductors and presents tables of 
conductivity, dielectric constant and resistance. Then he developes general thoughts on geo- 
electrical measurements before proceeding to a consideration of the various techniques. These 
include both direct and alternating current methods, the latter in low and middle frequency 
as well as in high frequency. Following the description of techniques Dr. Fritsch offers a 
discussion of the evaluation of measurements and presents the physical hypotheses for the 
interpretation of the resistance measurements. The concluding chapter considers the various 
practical applications of geoelectrical techniques, among which may be mentioned the investi- 
gation of metallic deposits, coal and petroleum, the proof of water sources, the proof of quick- 
sand, and building ground investigations. 
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The work is detailed and includes many diagrams of circuits and instruments. It is 
supplemented by a lengthy bibliography of some fifty pages, giving a classified approach to the 
literature. 


ANNUAL REPORTS ON THE PROGRESS OF CHEMISTRY FOR 1948. 379 pages, 14 X 21 cm. 

London, Chemical Society, 1949. Price, £ 1.5.0 d. 

This is the forty-fifth volume to appear in this important review series. As in other years 
the articles consist primarily of reviews of specific topics, although for inorganic chemistry 
there is a review of the whole field. A brief statement of the contents will probably best suffice 
for the purposes of this note to indicate the topics included. In the field of general and physical 
chemistry, the reviews cover chemical reactions induced by ionizing radiations; structure of 
aqueous solutions of soap-like substances, and chemical kinetics: homogeneous thermal gas 
reactions. The organic chemistry division treats of general methods, homolytic reactions, 
terpenes, colchicine and related compounds, organic sulfur compounds, and _ heterocyclic 
compounds. In biochemistry, there are articles on the function of small molecules in bio- 
synthesis, partition chromatography, the chemistry of insulin and the chemotherapeutic 
approaches to the T.B. problem. ‘The analysis of sea water is one of the subjects considered 
under the broad head of analytical chemistry, the others being analytical emission spectrog- 
raphy, flame photometry and volumetric analysis. 


Tue Business HELPER, by Leslie C. Rucker. 133 pages, 13 X 19 cm. New York, John F. 

Rider Publisher, Inc., 1949. Price, $2.00. 

The author has compiled a collection of hints on running a small business profitably, 
which should prove helpful for the business man with little training or experience. No attempt 
has been made to be technical; in fact the book is quite elementary both in concept and pre- 
sentation. It covers such topics as locations, buying, selling, overhead expenses, advertising 
and insurance. Asa reflection of twenty-three years of experience, the ideas presented may be 
considered workable. 


BorRON TRIFLUORIDE AND ITs DERIVATIVES, by Harold S. Booth and Donald R. Martin. 315 
pages, illustrations, diagrams, 14 X 22 cm. New York, John Wiley & Sons, Inc., 1949. 
Price, $5.00. 

In 1936 commercial production of boron trifluoride was begun by the Harshaw Chemical 
Company and in the subsequent twelve years there was a great increase of knowledge in this 
field. The present monograph aims to give an organized presentation of the available facts 
about boron trifluoride, as of January 1, 1948. The authors have a good background for their 
task, as the senior author has been investigating fluoride gases since 1915 and much of his work 
has dealt with the chemistry of boron trifluoride and the junior author has studied the boron 
halides with emphasis on accounting for the mode of formation of coordination compounds. 

After a brief summary of the history and preparation of boron fluoride, the authors devote 
three chapters to the physical properties, chemical properties and the coordinating power of 
boron trifluoride. The various fluoboric acids and their salts are considered in detail. As 
catalysts, boron trifluoride and its derivatives have assumed considerable importance and this 
phase of the subject has been treated at length. Analysis and comments on the practical 
handling of the compound have also been included. 

An exhaustive bibliography with well over a thousand entries has been compiled. In 
listing patents the authors have had the cooperation of eighteen companies in the field, while 
throughout the work they have had advice and assistance from the Harshaw Chemical Com- 
pany, to whom they make a grateful acknowledgment. This volume should prove valuable as 
a summary of the available knowledge on boron trifluoride and as a basis for further research. 
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CURRENT TOPICS 


New Process for Stabilizing Guncotton Aids National Defense.—A new 
method of stabilizing guncotton, which saves about two-thirds of the time 
formerly needed for making this important explosive, has been developed by the 
Southern Regional Research Laboratory of the Bureau of Agricultural and 
Industrial Chemistry, it is announced by the U. S. Department of Agriculture. 
Because it makes possible a substantial cut in the cost of smokeless powder for 
large-caliber guns, the laboratory’s process can help taxpayers get more for 
their defense dollars. The new method also permits powder factories to be 
smaller and thus less vulnerable to air attack in the event of war, as well as 
easier to move underground if necessary. 

Guncotton, or nitrocellulose, is the main ingredient of smokeless powder, 
the propellent explosive used in firing shells from big artillery rifles and naval 
guns. It is made by treating cellulose—usually cotton linters, the short fibers 
left on cottonseed after ordinary ginning—with a mixture of nitric and sulfuric 
acids. The nitric acid combines chemically with the cellulose, transforming it 
into guncotton. The sulfuric acid, which acts as a sort of catalyst in the 
process, must later be washed and boiled out. Even small amounts of this 
acid left in the finished nitrocellulose make it unstable, or likely to decompose. 
This instability may result in a gradual loss of the guncotton’s explosive power 
or a change in its rate of power release. Under certain conditions, incompletely 
purified nitrocellulose may explode prematurely. Removing all traces of the 
sulfuric acid is difficult, and the conventienal procedure for purifying and 
stabilizing the explosive is long, laborious, and expensive. 

The new procedure, devised by Richard E. Reeves and coworkers at the 
Bureau’s New Orleans laboratory, takes much less time and requires much 
smaller operating space and less fuel than the conventional process. It re- 
moves most of the sulfuric acid by washing and boiling, as in the usual method, 
but in one-third to one-fourth the usual time—that is, in 20 hours instead of 
the customary 60 to 80 hours. All remaining traces of acid are then neutralized 
quickly with ammonia, a procedure which makes further boiling of the gun- 
cotton unnecessary. This final step of the new process may be carried out 
either at ordinary or at elevated temperatures. 

Development of the new stabilizing method was a result of research under- 
taken by the laboratory during the war to find out whether staple cotton cut 
to short lengths could be used in smokeless powder to supplement the limited 
U. S. supply of cotton linters. Laboratory chemists nitrated the cut cotton 
fibers to see if they were suitable as guncotton (which they were) and inci- 
dentally hit upon the new method of stabilizing nitrocellulose. Their findings 
were immediately made available to the armed forces. 

Smokeless powder made with nitrocellulose stabilized by the ammonia pro- 
cedure has passed all preliminary tests and is now undergoing long-term storage 
trials. Investigation of the powder’s stability over long periods is essential to 
make certain that nitrocellulose prepared by this method will perform, when 
needed, exactly in accordance with previous ballistic determinations. 
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Continuous, R-F Induction Selective Hardening Equipment.—Equipment 
for the continuous, r-f selective induction hardening of cylindrical parts at 
feed rates to six inches per second, is available from Westinghouse Electric 
Corporation. 

This equipment consists of three major components; an Automatic Loading 
Device, a Horizontal Rotating Scanner, and an Industrial Radio-Frequency 
Generator. \ 

The Automatic Loader, consisting of a magazine and hopper, feeds the 
pieces to be hardened to the scanner through a feeder unit. The equipment 
hardens by passing the work through an inductor coil and spray quench ring. 
Uniformity of case depth is obtained by controlled feeds; concentricity of case 
is assured by positive guide and rotation of the cylindrical work piece about its 
longitudinal axis. 

This equipment can be used to harden a wide variety of cylindrical parts 
in any desired hardness pattern by simple adjustment of electronic timing 


circuits. 


Clay Improvement Process.—Thanks to two University of Wisconsin pro- 
fessors, brick and tile manufacturers today can use a simple process which will 
both cut production costs and production headaches and will also make sounder 
clay products. 

The production method is the Barker-Truog Clay Improvement process. 
Simply put, it involves the controlled addition of soda ash to clay. It is the 
result of years of painstaking laboratory experiments at Madison by George 
J. Barker, professor of mining and metallurgy, and Emil Truog, professor 
of soils. 

The process has been patented by the scientists. They in turn have 
assigned all patent rights to the Wisconsin Alumni Research foundation of 
Madison. The foundation licenses use of the process in exchange for minute 
royalties. 

Professors Barker and Truog discovered their clay improvement process 
just prior to World War II. Several brick and tile plants put it into use im- 
mediately, with highly satisfactory results. 

But before the B-T process could spread throughout the structural clay 
industry, soda ash became a critical defense item. Only in the past year has 
soda ash again become available. Now the B-T process can be employed 
cheaply and easily throughout the country to produce better clay products 
for less money. 

Because of their unusual characteristics, some clays and shales may not 
respond sufficiently to make the use of the B-T process feasible, but ordinarily 
the B-T process will mean choicer, tougher, more durable structural clay 
products, according to Boynton Butler, general manager of the Research 
foundation. 

To use the B-T process, changes in plant procedure or equipment are not 
necessary. In most cases, all that is needed is an inexpensive device for feeding 
a controlled amount of soda ash. 


A New Science Service for Professionals and Laymen.—Of great interest 
to professionals and students in every field of science is the new time-saving 
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service recently formed by the Science Book and Informatien Service. This 
organization, geared to the needs so frequently felt by scholars and researchers 
in an era of intense specialization, offers a many-sided service: 

(1) A worker specializing in any field may use its personal book-information 
section designed to meet his individual requirements. (2) Those who have 
been seeking rare or out-of-print books may secure them through the Service. 
(3) Anyone who wants to be kept continuously up to date on developments, 
whether in a specific subject or in general science, may readily do so through 
the regular bulletins, issued monthly. These bulletins, available separately 
in each subject, supply comprehensive information (summaries, descriptions, 
listings), on every scientific and technical book of importance in the field, 
whether already published or forthcoming. The SBIS also services its mem- 
bers by supplying desired books upon request. 

Readers and practicing scientists thus have at hand complete authoritative 
information on any subject, pooled into one easily referable source. A similar 
service is available to technicians, craftsmen, hobbyists, and readers with a 
lay interest in science. 

Readers wishing further information may have it promptly by writing 
(stating special field of interest) to Science Book and Information Service, 
471 Orange Street, S.E., Washington 20, D. C. 


Baltimore Installs Harbor Radar.—Baltimore recently became the third 
major port in the world to put into operation a harbor radar system. 

The equipment will be used in a navigational aid research program designed 
to assist ships entering and leaving the port in fog and bad weather, to provide 
continuous observation of harbor shipping, and to give immediate information 
on the location of any shipping casualties in the harbor. 

The radar equipment, a Westinghouse commercial marine radar unit, 
provides port operators with a 12} in. radar ‘“‘chart”’ of harbor shipping move- 
ments at ranges from 80 yards to 40 miles. It is installed at the City Recrea- 
tion Pier in the radio control room, so that radar observations can be trans- 
mitted directly to harbor shipping over stations WMH and WJY, the city’s 
ship-to-shore radio stations. 

The radar, manufactured at the Wilkens Avenue plant of the Westinghouse 
Electronics and X-Ray Division, has been made available to the city on a long- 
term loan by the Division. The only other ports in the world equipped with 
radar are Long Beach, California, and Liverpool, England. 

Mr. Tull explained that the radar equipment had been installed at the 
Recreation Pier because this position permitted a clear view of the active 
inner harbor, allowed direct communication to vessels, and was convenient 
to the Chesapeake Bay Pilots Association offices which are in the same building. 


Accurate photo-copies of line drawings to scale are greatly speeded through 
use of a method suggested by a graphic-arts mechanic at the Norfolk Naval 
Air Station. Reversing the normal method, the rear of the copy camera is 
made movable, with the lens fixed. Graduated scales are installed on the 
bed for use in measuring the size of copy desired, thus making it possible to 
turn out copies quickly and without unnecessary wastage of film due to 
guesswork. 
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ARTICLE I 


Stock 


Section 1. The Real and Personal Estates 
of the Institute as held upon the First day of 
January, One Thousand Eight Hundred and 
Eighty-one, shall be valued at One Hundred 
Thousand Dollars, and shall be represented 
by Ten Thousand Shares of Stock of the par 
value of Ten Dollars each. Said shares shall 
be divided into two classes, viz.: 

First Class. Shares not registered for use: 
on which no annual payment shall be charged 
or collected, and the holders thereof shall not 
have the privileges of members of the Insti- 
tute, but may, if of legal age, vote at any 
annual election for managers upon the pay- 
ment of One Dollar upon each share of stock 
on which they may desire to vote; provided, 
however, such shares have been held by the 
same person at least three months before 
such election. 

Shares of the First Class may be converted 
into shares of the Second Class at the pleasure 
of the owners, provided the transfer be ap- 
proved by the Board of Managers; but, when 
once so converted, they shall always continue 
in the Second Class. 

Second Class. Shares registered for use: on 
which Twelve Dollars per annum shall be 
due and payable from resident members in 
advance on the first day of October in each 
year, except as hereinafter provided. 

Non-resident holders of Second Class stock 
shall pay an annual fee of Five Dollars. 

Section 2. The holders of Second Class 
stock shall be entitled to the use of the 
library, lectures and reading-room, and if of 
legal age, to all other privileges of membership 
in the Institute, so long as they make the 
annual payment in advance; and shall, on the 
payment of One Dollar therefore, be entitled 
to a Certificate of Membership. 

Section 3. If the annual dues for successive 
years remain unpaid at the expiration of two 
and a half years on any share of stock of the 
Second Class, such shares shall then become 
forfeited to the Institute; but such forfeiture 
may be remitted by a unanimous vote of the 
Board of Managers. 

Section 4. Stock of the Second Class may 
be held in trust for persons not of legal age, 
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and shall be liable to the payment of only 
one-half the annual fees due upon stock of 
Second Class held by persons of legal age; 
provided, that when such minors arrive at 
legal age, new certificates, subject to the full 
annual contribution, shall issue on payment 
of the customary fee. 

Section 5. Certificates for the First Class 
stock may be issued for any number of shares 
in a single certificate; but every certificate for 
the Second Class shall be for one share only. 

Section 6. No share of stock in the Second 
Class shall be transferred until all arrearages 
and fines are paid, and all books and tickets 
returned, and the transfer approved by the 
Board of Managers. 

Section 7. All certificates of stock shall be 
signed by the President and Secretary; shall 
be issued by the Controller, and shall be 
transferabe only on the books of the Institute 
by the owner, or his legal representative, on 
the surrender of the old certificate, and of a 
fee of twenty-five cents for each certificate. 

Section 8. All subscriptions to stock shail 
be approved by the Board of Managers be- 
fore the certificate can be issued. 


ARTICLE II 


MEMBERS 


Section 1. All persons interested in the 
purposes and activities of the Institute and 
willing to further them may become members 
when elected by the Board of Managers, or in 
a manner prescribed by the Board, except 
as qualified by Section 6 of this ARTICLE. 
Membership shall consist of the following 
classes: 

. Student members 

. Associate members 
. Active members 

. Sustaining members 
. Honorary members 


ne 


The Board of Managers may establish other 
classes of members, provided that the privi- 
leges enjoyed and dues paid by such other 
classes are not inconsistent with the privileges 
and dues of the classes of members specifically 
provided for by these By-Laws. 

Section 2. Student members shall be under 
twenty-five years of age and shall pay annual 
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dues of $2.00. They shall be entitled to un- 
limited free admission to the Museum and the 
Planetarium. Student members who are 
fourteen or more years of age may, if endorsed 
by a teacher or an Active member, have the 
use of the library upon the payment of addi- 
tional annual dues of $1.00 but shall have no 
voting privileges or rights to hold office. 

Section 3. Associate members shall pay 
annual dues of $5.00. They shall be en- 
titled to unlimited free admission to the 
Museum and to the Planetarium, but shall 
have no voting privileges or rights to hold 
office. Upon the payment of $5.00 additional 
annual dues they shall have Family privileges 
as defined in Section 7 of this ARTICLE. 

Section 4. Active members shall be not 
less than twenty years of age. They shall 
pay annual dues of $15.00. Active members, 
residing permanently at a distance of fifty 
miles or more from Philadelphia, shall pay 
annual dues of $7.50. Active members shall 
be entitled to use the library, to receive one 
copy of the Journal of The Franklin Institute, 
to vote and to hold office. They shall be 
entitled to all the privileges of Associate 
members and upon the payment of $5.00 
additional annual dues shall be entitled to 
Family privileges. 

Section 5. Sustaining members shall be 
not less than twenty years of age. They shall 
pay annual dues of not less than $50.00. 
They shall be entitled to all of the privileges 
of Active members and shall have Family 
privileges as defined in Section 7 of this 
ARTICLE free of additional charge. 

Section 6. Honorary members shall be 
entitled to all of the privileges of sustaining 
members, except the right to vote and to hold 
office. They shall be nominated by the 
Board of Managers and shall be elected by 
four-fifths of the votes of the members present 
at any stated meeting of the Institute at 
which their nomination may be acted upon. 

Section 7. Family privileges consist of the 
right to receive a card for each individual in 
the family of the member and resident with 
the member entitling the holder to unlimited 
free admission to the Museum and _ the 
Planetarium. 

Section 8. Members belonging to classes 
of membership existing prior to the amend- 
ment of this ARTICLE shall be reclassified in a 
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manner consistent with their former dues and 
privileges. 
ARTICLE III 
PAYMENT OF DUES 


Section 1. The annual fees for membership 
shall be due and payable on the first day of 
each month, whichever is nearest to the date 
of election or as determined by the Board of 
Managers. 

Section 2. Any member whose dues are 
more than two months in arrears shall have 
all the privileges of membership suspended 
until such time as all arrears are paid. Should 
the dues not be paid when they become six 
months in arrears the said member shall for- 
feit his membership. 

Section 3. The Board may remit tempo- 
rarily in whole or in part the dues of any 
member either by action in a particular case 
or by establishing regulations governing 
certain cases. 

Section 4. Every person admitted to 
membership in the Institute shall be consid- 
ered as liable for the payment of dues until 
he shall have resigned, been dropped or have 
been relieved therefrom by the Board of 
Managers. 

Section 5. Resignations of memberships 
shall be made to the Board of Managers in 
writing, but need not be accepted until all 
dues and arrears up to date of resignation 
shall have been paid. 

Section 6. The privileges and title of 
Associate member may be obtained for life 
by paying therefor in one year the sum of 
$100. From this payment may be deducted 
one-half of the Student or Associate Member- 
ship dues paid by the member during the 
preceding ten years, but in no case shall the 
deduction exceed $50.00. 

Section 7. The privileges and title of 
Active Member shall be enjoyed for life or 
may be obtained for life by a member who 
has heretofore or who shall hereafter pay 
therefor, in one year, the sum of $300, except 
that a person residing permanently at a dis- 
tance of twenty-five miles or more from Phila- 
delplia may become an Active Member for 
life by paying therefor in one year the sum of 
$100. From this payment may be deducted 
one-half of the dues paid by the member 
during the preceding ten years, but in no case 
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shall the deduction exceed one-half of said 
payment. Associate Members for life may 
become Active Members for life by paying 
therefor in one year the sum of $200. 

Section 8. Firms, corporations, associa- 
tions or individuals may nominate and sub- 
scribe for the membership dues of groups of 
members of any class or classes, at the annual 
dues provided for, subject to the approval of 
the Board as to any particular nominee. If 
the dues of these nominees amount to $100 or 
more in the aggregate, the firm, corporation, 
association or individual shall be known as an 
Affiliate of the Institute. 


ARTICLE IV 
MANAGEMENT 


Section 1. The Institute shall be governed 
by a board of twenty-four (24) Managers 
elected by the members. 

Section 2. The officers, who shall be elected 
by the Board of Managers, shall be a Presi- 
dent, an Executive Vice President, not more 
than five Vice Presidents, a Secretary, an 
Assistant Secretary, a Treasurer, and an 
Assistant Treasurer. The Board of Mana- 
gers may elect such other officers as it deems 
necessary. 

Section 3. At the annual meeting of the 
Institute, eight Managers shall be elected 
each year to serve for three years, provided 
that the Managers now elected, or who may 
hereafter be elected, shall continue to serve 
until their successors be appointed. 

Section 4. All elections of the Institute 
shall be by letter ballot and no vote may be 
cast by proxy. 

Section 5. Nominations for Managers shall 
be made in writing at the stated meeting in 
the month of December. Each nomination 
paper must be signed by at least two members, 
who shall certify that the candidate will serve 
if elected. After the nominations are closed, 
the President shall appoint three members, 
who are neither officers nor nominees, to act as 
tellers of election. The list of nominees shall 
be posted at the Institute and incorporated 
(with directions for voting) in a ballot to be 
sent to each member by the Secretary at 
least one week before the date of election. 
Each ballot shall be accompanied by a return 
envelope addressed ‘‘To the Tellers of Elec- 
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tion,”’ and provided with a space for the 
signature of the member voting. 

Section 6. On the date of the annual meet- 
ing, and at an hour previously designated by 
their chairman, the tellers shall meet at the 
Institute, and shall count all legal votes that 
have been received by mail or placed in the 
ballot box before eight o'clock P.M.; and when 
the count is completed they shall report to 
the annual meeting of the Institute the total 
number of ballots cast, together with the 
number of votes received by each candidate. 
Thereupon the presiding officer shall announce 
the names of the candidates who received the 
plurality of votes, and shall declare them 
elected Managers of the Institute for the 
ensuing terms. 

Section 7. At the organization meeting of 
the Board of Managers, the Board of Man- F 
agers shall elect the officers provided for in 
Section 2 of ArTicLE IV to serve for one 
year; and may at said organization meeting or 
from time to time thereafter elect such other 
officers as it may determine upon, and shall 
determine and fix the compensation, if any, 
to be paid to the officers so elected or ap- 
pointed by them. The officers who are in 
office immediately prior to the annual meet- 
ing shall continue in office until their suc- 
cessors are elected or appointed by the Board 
of Managers as herein provided. 

Section 8. Vacancies occurring in any office 
may be filled by the Board of Managers by 
election or appointment of persons to serve 
until the next annual election. 


ARTICLE V 


BoarRD OF MANAGERS 


Section 1. The Board of Managers shall 
have general charge and control of the 
Institute and of the Benjamin Franklin 
Memorial and The Franklin Institute Mu- 
seum, and shall consist of twenty-four mem- 
bers elected as provided in ArTICLEIV. The 
President, the Executive Vice President, the 
Vice Presidents, the Secretary, the Treasurer, 
the Chairman of the Committee on Science 
and the Arts, and the Chairman of the Library 
Committee shall be ex officio members. A 
quorum of the Board of Managers shall be 
nine of the elected and ex officio members. 
The Board of Managers may adopt such by- 
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laws, rules and regulations for the governance 
of their affairs as are not inconsistent with the 
Charter and these By-Laws. 

Section 2. They shall present, through the 
President, at the annual meeting of the Insti- 
tute, a report of the condition of the affairs of 
the Institute. 

Section 3. They shall hold stated meetings 
in each month except in July and August. 

Section 4. Special meetings may be called 
* by the President at his discretion and shall be 
called by him on written request of the Execu- 
tive Committee or of any seven members of 
the Board. In case of his absence or refusal 
to act, such special meeting shall be called by 
the Secretary. 

Section 5. Members who have not at- 
tended five regular meetings in the twelve 
months prior to the stated meeting of the 
Institute in December, shall be reported 
thereat as having resigned, unless it be un- 
animously voted by the Board at that meeting 
that such member has been absent for suffi- 
cient reason. 

Section 6. All vacancies on the Board of 
Managers shall be filled by the Board until 
the next annual meeting of the Institute. 

Section 7. The Board of Managers may 
elect an Executive Committee consisting of 
five of its Members with such authority to 
act on behalf of the Board as the Board may 
delegate. 


ARTICLE VI 
DuTIEs OF OFFICERS 


Section 1. The President shall be the 
executive head of the Institute and, under the 
supervision of the Board of Managers, shall 
have general charge of the affairs of the 
Institute. He shall preside at all meetings 
of the Institute and of the Board of Managers 
and shall be, ex officio, a member of all stand- 
ing committees of the Institute. 

Section 2. The Executive Vice President, 
under the supervision of the President, shall 
have immediate charge of all affairs of the 
Institute other than those matters specifi- 
cally delegated by action of the Board of 
Managers pursuant to these By-Laws to the 
Executive Committee and the Finance Com- 
mittee. He shall prepare the annual budget, 
and submit it to the Board of Managers for 
approval. He shall be an ex officio member 
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of all standing Committees of the Institute. 
He shall report to the President. In case of 
the disability of the Executive Vice President, 
the President shall designate another officer 
or other officers to assume his duties. 
Section 3. In the absence of the President, 
the Executive Vice President shall exercise 
his duties. In the absence of both the Pres- 
ident and the Executive Vice President, the 
Vice Presidents shall exercise the duties of 
President in order of their seniority in office. 
Section 4. The Secretary shall be responsi- 
ble for keeping the minutes of all meetings of 
the Institute and of the Board of Managers, 
shall keep the records of the Institute, and 
shall perform all the duties usually pertaining 
to the office of Secretary. He shall report to 
the Executive Vice President. In the ab- 
sence or disability of the Secretary, the Assist- 
ant Secretary shall perform his duties. 
Section 5. The Treasurer shall have 
custody of all monies received from the com- 
mittee on Finance together with all monies 
received by the Institute from dues, admis- 
sions, and other operations of the Institute, 
depositing them, in the name of the Institute, 
in such bank or banks as the Board of Man- 
agers shall direct and disbursing them by 
checks signed as the Board of Managers shall 
likewise direct. He shall keep accounts of 
the receipts and disbursements and shall re- 
port thereon to the Board of Managers as 
directed. He shall have general supervision 
of the accounts of the Institute and shall 
render such financial statements as directed 
by the Board of Managers. He shall give 
bond to an amount and with such surety as 
the Board of Managers shall determine. The 
Treasurer shall report to the Executive Vice 
President. In the absence of the Treasurer, 
the Assistant Treasurers shall, in the order of 
their seniority in office, perform his duties. 


ARTICLE VII 
BoarD oF COUNCILLORS 


The Board of Councillors shall consist of 
not more than fifty members and shall em- 
brace, as ex officio members, the Governor of 
Pennsylvania, the Chief Justice of the 
Supreme Court of Pennsylvania, the Mayor of 
the City of Philadelphia, the President of the 
City Council of Philadelphia, the President 
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of the Board of Public Education and the 
Superintendent of Schools of the City of 
Philadelphia, the Provost and the President 
of the University of Pennsylvania, the Pres- 
ident of Commissioners of Fairmount Park, 
the President of the American Philosophical 
Society, the President of the Poor Richard 
Club, and the President and Secretary of The 
Franklin Institute, which two latter shall 
respectively be Chairman and Secretary of 
the Board of Councillors. Additional mem- 
bers shall be nominated by the President or 
Secretary of the Institute and elected by the 
Board of Managers, at such intervals as the 
Board of Managers may see fit. The Board 
of Councillors shall meet at the call of its 
Chairman or of the Board of Managers for 
the consideration of any matter that pertains 
to the welfare of the Institute. The Secre- 
tary shall from time to time send to the mem- 
bers of the Board of Councillors a report of 
the activities and accomplishments of the 
Institute. 
ARTICLE VIII 


COMMITTEES OF THE INSTITUTE 


Section 1. There shall be the following 
Standing Committees of the Institute: 


1. Bartol Research Foundation Com- 
mittee. 

2. Biochemical Research Foundation 
Committee. 

. Committee on Science and the Arts. 

. Endowment Committee. 

. Finance Committee. 

. Library Committee. 

. Meetings Committee. 

. Membership Committee. 

. Museum and Memorial Committee. 

10. Publications Committee. 

11. Committee on Research. 


COND 


Section 2. Each standing committee of 
the Institute shall consist of the number of 
members determined on by the Board of 
Managers and composed of members of the 
Board of Managers and/or non-members as 
may be desirable, except that the Committee 
on Science and the Arts shall consist of not 
less than sixty nor more than seventy-five 
members, and except that the Bartol Research 
Foundation shall consist of not less than ten 
nor more than fifteen members as provided 
for in Section 7 of this ARTICLE. 
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Section 3. (The members of each committee 

shall serve one year, except that members of 
the Committee on Science and the Arts shall 
serve three years. 

Section 4. The members of each com- 
mittee, other than ex officio members specifi- 
cally provided for by these By-Laws, shall be 
appointed by the President and approved by 
the Board of Managers at the organization 
meeting of the Board following the annual 
meeting except that each year but one-third 
of the total number of members of the Com- 
mittee on Science and the Arts shall be so 
appointed and approved. 

Section 5. The Chairman of each Com- 
mittee shall be designated by the President, 
except that the Library Committee and the 
Committee on Science and the Arts shall 
select their chairmen. A chairman who is 
not an elected or ex officio member of the 
Board of Managers shall have the privilege 
of the floor at meetings of the Board but shall 
not have the right to vote. 

Section 6. Each Committee shall report 
monthly to the Board of Managers through 
its Chairman. A copy of their report shall be 
in the hands of the Executive Vice President 
one week before the monthly meeting of the 
Board. 

Section 7. The Bartol Research Founda- 
tion Committee shall consist of not less than 
ten nor more than fifteen members, including 
the President and the Executive Vice Presi- 
dent of the Institute and the Director of the 
Bartol Research Foundation as ex officio 
members and nine members of the Institute 
of whom not more than four shall be members 
of the Board of Managers. The Committee 
shall, after consultation with the Director of 
the Bartol Research Foundation and subject 
to the approval of the Board of Managers, 
collaborate with the Executive Vice President 
in carrying out the purposes and determining 
the policies of the Bartol Research Founda- 
tion. It shall appoint the Director and the 
Staff of the Laboratories, subject to the ap- 
proval of the Board of Managers. The 
Director of the Bartol Research Foundation, 
to whom all other employees of the Founda- 
tion shall report, shall have charge of the 
scientific activities of the Foundation and 
shall report on all matters to the Committee 
or to the Executive Vice President, as the 
Committee may elect. 
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Section 8. The Biochemical Research 
Foundation Committee shall report to the 
Board of Managers from time to time on the 
condition of the affairs and operation of said 
Foundation and shall be available to the 
Director of the Biochemical Research Found- 
ation and its Advisory Council for collabora- 
tion and advice. 

Section 9. The Committee on Science and 
the Arts shall investigate current discoveries, 
inventions and other achievements in the 
sciences and their application in the mechani- 
cal and industrial arts with a view of affording 
such recognition as may lie within the power of 
the Institute to bestow. The Committee 
shall exercise independent judgment therein. 
In all matters of a general or administrative 
nature the Committee shall collaborate with 
the Executive Vice President. 

Section 10. The Endowment Committee 
shall, in collaboration with the Executive 
Vice President, encourage the gift of funds to 
the Institute. 

Section 11. The Finance Committee shall 
have the custody and control of all the 
securities and investments of the Institute 
with full power and authority to buy and to 
sell, and to invest and reinvest the same; in- 
cluding the power to satisfy mortgages and 
extinguish ground rents, and to direct the 
placing of all such insurances on Real Estate 
held for investment as it may deem necessary, 
and to make such improvements, repairs and 
alterations to such Real Estate as it may 
deem necessary. It shall have power to 
authorize the proper officers of the Institute 
to execute the necessary papers to effect all 
purchases, sales and assignments of property 
other than real estate; to transfer registered 
securities; to subscribe to bond-holders’ agree- 
ments to plans of reorganization involving 
any securities held by the Institute or in 
which it has an interest; and to do all such 
acts as are necessary in pursuance of the 
foregoing powers. It may, with the approval 
of the Board of Managers, appoint a Trust 
Company of the City of Philadelphia to act 
as Fiscal Agent under the direction of the 
Committee. 

The Finance Committee shall keep a record 
of all its acts and proceedings, which shall be 
communicated to the Board of Managers. 
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Section 12. The Library Committee, in 
collaboration with the Executive Vice Presi- 
dent, shall be of counsel and advice in the 
purchase of books and publications suitable to 
and consonant with the purposes of the 
Library; and in other matters pertaining to 
the Library. 

Section 13. The Meetings Committee 
shall, in collaboration with the Executive 
Vice President, secure for presentation before 
the Institute papers dealing authoritatively 
with subjects of import in the fields of science, 
engineering and industry. 

Section 14. The Membership Committee 
shall, in collaboration with the Executive Vice 
President, promote the several memberships 
defined in ARTICLE IT of these By-Laws. 

Section 15. The Museum and Memorial 
Committee shall, in collaboration with the 
Executive Vice President, be of counsel and 
advice to the Director of the Benjamin 
Franklin Memorial and The Franklin Insti- 
tute Museum, and with the scientific staff 
of the Museum concerning the activities and 
the exhibits of both the Museum and the 
Memorial. 

Section 16. The Publications Committee, 
in collaboration with the Executive Vice 
President, shall be of counsel and advice with 
regard to all publications of the Institute other 
than publications of the Bartol Research 
Foundation. 

Section 17. The Committee on Research 
shall, in collaboration with the Executive 
Vice President, be of counsel and advice to all 
research activities of the Institute except those 
of the Bartol and Biochemical Foundations. 

Section 18. Each committee shall organize 
and adopt rules as it sees fit, subject to the 
provisions of these By-Laws and the approval 
of the Board of Managers. 


ARTICLE IX 
MEETING 


Section 1. The Institute shall hold stated 
meetings on the third Wednesday of each 
month, except in June, July, August and 
September, at 8:15 P.M. 

Section 2. Special meetings shall be called 


- by the President upon the order of the Board 
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of Managers or within ten days upon the 
written application of twenty-four voting 
members of the Institute. 

Section 3. Twenty-four members. shall 
constitute a quorum at any stated or special 
meeting. 

Section 4. The Annual Meeting of the 
Institute shall be held on the third Wednesday 
of January of each year at 8:15 p.m. Elec- 
tions at Annual Meetings shall not result 
from the poll of less than forty-eight ballots 
cast in accordance with ArtTicLe VI, Section 
6, of these By-Laws. 


By-Laws 


ARTICLE X 
AMENDMENTS 


These By-Laws may be altered or amended 
at any stated meeting of the members of the 
Institute, provided notice in writing, signed. 
by two members, of the proposed alteration or 
amendment, shall be given to the Board of 
Managers two months prior to the said meet- 
ing, except that amendments to ARTICLE I, 
relating to capital stock, must be ratified 
subsequently by a majority of the stock repre- 
sented at a meeting specially called for this 


purpose. 
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JourNAL oF THE FRANKLIN INSTITUTE 


WORKMANSHIP 


You can find it at Honold’s. We're justly proud of the 
record we have maintained in the radio and aircraft industry. 


Why not let us solve your fabricating problems? Our 
skilled workmen are master craftsmen in their field—you 
can do no better. 


We solicit your inquiries—all are answered courteously and 
promptly. 


LUDWIG HONOLD MFG. CO. 
Sheet Metal Specialties 


Chester Pike & Folcroft Ave. Folcroft, Penna. 
Sharon Hill 4606-07-08. 


“MEGGER’ 


ELECTRICAL TESTING 
INSTRUMENTS 


“Megger” Insulation Testers 

@ “Megger” Ground Testers 

“Megger” Direct-Reading Ohm- 
meters 


lee 


e “Frahm” Resonant-Reed Tachometers and 
Frequency Meters 
e “Jagabi” Laboratory Rheostats 
The “Meg” Type of @ Indicating Hand Tachometers, Tacho- 
“Megget” Insulation Tester scopes, Tachographs and Speed Indi- 
cators 
Sand for Literctere e “Pointolite” Lamps e “Apiezon” Products 


JAMES G. BIDDLE 


ELECTRICAL & SCIENTIFIC INSTRUMENTS 
1316 ARCH STREET + PHILADELPHIA 7, PENNA. 
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° 509 ARCH ST. 
cAlmo Radio Ce. LO - 3 - 9225 
THE HOUSE OF SERVICE PHILADELPHIA 


WHOLESALE DISTRIBUTORS OF 
RADIO ELECTRONIC PARTS AND EQUIPMENT 


3 Big Stores to Serve You 


WILMIN SUPPLYING BOTH THE SERVICE : 
AND INDUSTRIAL TRADE | VEST 


KEEP YOUR EYE ON ALMO 


PHONE 5-5161 WRITE US—CALL US PHONE AL-4-1706 


Porcelite Traffic Zoning Paint 
Solves Line-Marking Problems 


Applicable to all inside or outside sur- 
faces by machine or hand, Porcelite 
Traffic Zoning Paint dries flint-hard for 
heaviest traffic in 20 to 30 minutes. 
Resists staining, retains color and visi- 
bility under severest conditions. 


THOMSON- Poxcefite PAINT CO. 


330 RACE STREET + PHILADELPHIA 6 PA 


Renninger & Graves 


“Every Reproduction Requirement”’ 


Black & White Prints Roto-Prints Tracing Papers 
Blue Prints Tracings Reproduced Drafting Furniture 
Photostats Drawing Materials Micro- Film 


S. W. CORNER 15th and CHERRY STS., PHILADELPHIA, PA. 
RITTENHOUSE 6364 RACE 2595 


| 
6th & ORANGE STS. | The fastest growing parts distributor in the East 6205 MARKET ST. ae 
i 
f 
i 
| 
i 3 i 
4. 
i 
x 


YAR WAY 


GUN-PAKT 


EXPANSION JOINTS 


Wrought steel, cylinder guided. Gun-pakt and Gland-pakt 
types. Gun-pakt (illustrated) has screw guns for plastic pack- 
ing; may be packed while in service. Gland-pakt has ring type 
packing. Sliding sleeves are chromium plated. Single and 
double end styles, flanged and welding ends, 2” to 24”. Also 
all-brass in smaller sizes. The choice of leading utilities. 


Catalog EJ-1912 


YARNALL-WARING COMPANY 
132 Mermaid Avenue Philadelphia 18, 


A COMPLETE PRINTING SERVICE 


Goop prINTING does not just happen; it is 
the result of careful planning. The knowl- 
edge of our craftsmen, who for many years 
have been handling details of composition, 
printing and binding, is at your disposal. 
For over sixty years we have been printers 
of scientific and technical journals, books, 
. painters or. theses, dissertations and works in foreign 


manxun insrture languages. Consult us about your next job. 


LANCASTER PRESS, Inc. 


PRINTERS BINDERS ELECTROTYPERS 
ESTABLISHED 1877 LANCASTER, PA. 
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Consulting Engineers 


EGGLY-FURLOW 
ENGINEERS 


Consulting Engineers 


PHILADELPHIA 2, PA. 
1500 Walnut Street 


Telephone: PEnnypacker 5-1197 


ALBRIGHT & FRIEL, Inc. 
Consulting Engineers 


Water, Sewage and Industrial 
Waste Problems, Airfields, Refuse 
Incinerators, Power Plants, Indus- 
trial Buildings, City Planning. 
Reports, Valuations, Laboratory. 


121 S. Broad St., Philadelphia 7, Pa. 


HARRIS-DECHANT ASSOCIATES 
Fidelity-Philadelphia Trust Building 
Philadelphia, Pa. 


FREDERIC R. HARRIS, INC. 
27 William Street New York, N.Y. 


Consulting Engineers 
Naval Architects 


KERN DODGE 


DAMON & FOSTER 


Consulting Engineers 
Surveyors 


CHESTER PIKE & HIGH ST. 
SHARON HILL, Pa. 


CHARLES S. LEOPOLD 


Consulting Engineer 


213 SOUTH BROAD ST. 
PHILA. 2, PA. 


MOODY & HUTCHISON 
Consulting Engineers 


1420 WALNUT STREET 
PHILADELPHIA 


GEORGE A. GIESEKE 


Consulting Engineer 
Surveys and Maps 
Water, Sewerage and Industrial Waste 
tment 
Highway Improvements 


1405 W. Erie Ave., Philadelphia 40, Pa. 
915 Middlesex St., Gloucester City, N.J. 
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Consulting Engineers 


W. B. COLEMAN & CO. 
Metallurgists - Chemists - Engineers 


Consultation and Laboratories 
Metals—Water Treatment—Physical Testing—Fuels 
Spectrographic and Microscopical Equipment 


9TH STREET & RISING SUN AVENUE—PHILADELPHIA 


GEORGE B. MEBUS 


Water & Sewage Problems 
Refuse Incinerators 
Industrial Waste Treatment 
Investigations & Reports 
Valuations 
Architectural & Title Surveys 


112 S. Easton Rd., Glenside, Pa. 


Tom “Donovan Sez— 


YOU HAVE EVERYTHING 
INSURED BUT HEAT TREATING 
WHY NOT? 


DONOVAN COMPANY 
Pick Up and Delivery Service 
1615 No. 2nd St. RE 9-4616 Phila. 22, Pa. 


HESS & BARKER 
ENGINEERING MACHINISTS 


212 S. DARIEN ST. 
PHILA., PA. 
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Your Electronic Requirements... 


can best be served by RESCO’S Industrial Dep’t. Trained and efficient 
personnel, plus parts and equipment from all of the finest manufacturers 
in the country, offer you the service and dependability necessary to 

meet the exacting needs of the indus- 


trial plant or laboratory. 
SERVICE CO. OF PENNA., INC BRANCH STORES 
Main Store and Executive Offices 3412 Germantown Ave. © 5930 Market St. 
7th and Arch Streets, Phila. 6, Pa. Camden ¢ Allentown « Wilmington e Easton 
LO 3-5840 Free Parking Atlantic City 


Manufacturers of Fine Drawing Instruments 
Since 1850 


THEO. ALTENEDER & SONS 
1217 Spring Garden Street 
Philadelphia 23, Pa. 


PRECISION RULINGS ON GLASS 


Scales Grids _ Reticles 
Halftone Screens 


MAX LEVY & CO. . Wayne ave. & Berkley St. 


M. BUTEN & SONS 
PAINTS anp GLASS 
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Commercial Stationery 
Loose Leaf— Blank Books 
Filing Equipment 
Office Supplies 


SHANAHAN & CO. 
22 S. 18 St. Ri 6-0333 


WHERE QUALITY OF REPRODUCTION 
IS ESSENTIAL... 


BUT ECONOMY I$ IMPORTANT... 


The answer is é, 


Photo Engraving Co 


1208 Cherry Street Philadelphia. Pennsylvania 


OSCAR H. HIRT 


Photographic Supplies 


41 NORTH ELEVENTH ST. 
PHILADELPHIA 7, PA. 


Franklin Institute Books 
are bound by 


FEHR & JOHNSON 


GEO. P. JOHNSON, MGR. 


Fine Bookbinding 


924 Cherry Street 
Philadelphia 7, Pa. 


HEADQUARTERS 
FOR 
RADIO PARTS ELECTRONIC COMPONENTS 
GEIGER-MULLER COUNTER TUBES 
AND 
RADIO ACTIVITY DETECTORS 


HERBACH & RADEMAN 
522 MARKET STREET PHILADELPHIA 6, PA. 


KEARNEY LUMBER 
COMPANY 
Lumber of every description 
for every purpose 


10th & Columbia Ave. 
St. 4-3245-6 Phila., Pa. 


“Our Fleet of Trucks Deliver Anywhere” 


RITTENHOUSE 6-4563 


RACE 1414 


BoLGER-PARKER 


COMPANY 


Hauling and Rigging 
Contractors 


752 N. MARKO ST. 


RESIDENCE PHONES 
BOULEVARD 3295 
GR-2-8698 


XV 


PHILADELPHIA 39 


PA. 


the 
ees 
‘ 
7 
te 
” 
|__| 
— 
: 


JourNAL OF THE FRANKLIN INSTITUTE 


MEMBERSHIP IN THE FRANKLIN INSTITUTE 


All persons interested in the purposes and activities of the Institute and willin 4 
further them, may become members when elected by the Board of Managers or 
manner prescribed by the Board. The following classes of ——w are peovided 
for in the By-Laws: Student, Associate, Active, Sustaining, Honorary. 


Sustaining Members belong to the highest class of mem omg in the Institute 
and are entitled to all privileges of membership including Family Privileges. 
They are included among the Friends of Franklin, a group of public spirited 
citizens who contribute to the support of the Institute and in other ways call the 
attention of present-day Americans to the wisdom of Benjamin Franklin. 


Sustaining Membership. ...........eeeceeceeees (annually) $50.00 or over 


Active Members have the full use of the Library with the privilege of borro 

books. They are entitled to vote and to hold office. Subscription to the prvi 

of The Franklin Institute is included in their dues and they are sent each month a 

copy of The Institute News which contains a program of events and other items 

of interest. Their membership cards also entitle them to admission free of charge 

to the Museum, the Planetarium and the Museum demonstrations and lectures. 

Active Members who reside permanently at a distance of 50 miles or more from 

Philadelphia are permitted to pay annual dues of $7.50. 

with Family Privileges.............. (annually) $20.00 

Active Membership (Non-Resident) ................500. (annually) $7.50 


Associate Members receive a membership card entitling them to admission free of 
charge to the Museum, the Planetarium and the Museum demonstrations and 
lectures. They are sent each month a copy of The Institute News, which con- 
tains a program of events and other items of interest. They do not have the 
right to vote, but, with the Active Members, may attend Institute Meetings and 
Lectures and may be accompanied by a guest at these meetings. 


with Family Privileges........... (annually) $10.00 


Family Privileges may be obtained by Associate or Active Members on payment 
of $5.00 annually in addition to their regular dues. This entitles them to receive, 
for each individual in their family and resident with them, a card entitling the 
holder to unlimited free admission to the Museum and Planetarium. 


Student Members must be under twenty-five years of age. They are entitled to 
all the privileges of Associate Membership except Family Privileges. On pay- 
ment of an additional amount and on the sponsorship of a teacher or an Active 
Member of the Institute they may be granted the use of the Library. 


Membership for Life may be obtained in the Associate and Active oe on 


payment of $100 and $300 respectively. For those who reside permanently at a 
distance of fifty miles or more the fee for Active Membership for Life is Seen. 


The annual fees for membership are due and payable on the first day of the month ot 
the date of election, or as determined by the Board of Managers. Any member whose 
dues ar> more than two months in arrears shall have all the privileges of membership 
suspended until such time as all arrears are paid. Should the dues not be paid when 
they become six months in arrears the said member shall forfeit his membership. 


Firms, Corporations, Associations or Individuals may nominate and subscribe for the 
membership dues of groups of members of any class or classes, at the annual dues 
provided for, subject to the approval of the Board as to any particular nominee. If 
the dues of these nominees amount to $100 or more in the aggregate, the firm, corpora- 
tion, association or individual shall be known as an Affiliate of the Institute. 


Resignations of memberships shall be made to the Board of Managers in writing, but 
— a be accepted until all dues and arrears up to the date of resignation have 
m pal 


For further information and membership application blanks address the Secretary. 
The Franklin Institute, Benjamin Franklin Parkway at 20th Street, Philadelphia 3, Pa. 
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Above is the Bell System's new “musical keyboard.” Insert shows the digits of 
telephone numbers in musical notation, just as they ere sent acrow country. 


Playing @ tune for a telephone number 


Before. you talk over some of the 
new Bell System long distance cir- 
cuits, your operator presses keys 
like those shown above, one for 
each digit in the number of the 
telephone you are calling. Each 
key sends out a pair of tones, liter- 
ally setting the number to music. 

In the community you are call- 
ing, these tones activate the dial 
telephone system, to give you the 
number you want. It is as though 
the operator reached ¢lear across 
the country and dialed the number. 


BELL TELEPHONE 


EXPLORING AND INVENTING, DEVISING AND PERFECTING, FOR CON- 
TINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE. 


This system, one of the newest 
developments of Bell: Telephone 
Laboratorivs, is already in use on 
hundreds of long distance lines 
radiating from Chicago, Cleveland, 
New York, Ciaklaad and Philadel- 
phia, and between a number oi 

r communities. 


will steadily in 
r parts of the country—a grow- 
ing example of the way Bell Tele- 
phone Laboratories are ever finding 
new ways to give you better, faster 
telephoue service, 


LABORATORIES 
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Single Car 


Here is the new railroad car 
whieh is a train in itseli—the self- 
propelled, diesel-powered, all- 
stainless steel RDC-i. The Budd 
Company created it to perform a 


‘service both to railroads and their 


patrons, by carrying more passen- 
gers on short or Jong hauls at lower 
operating cost. 

The }LDC-1 seats ninety in air- 
conditioned comfort. With power 
transmitted hydraulically, from an 
effortless start it picks up speed 
like a whippet and stops in a fan- 
tastically short space... with the 
easy softness of pushing your hand 
against a pillow. 

Railroad men foresee a wide 
usefulness for this car. It may be 


“Limited” 


operated as a single unit, ora oum- © 
ber of cars can be coupled into a — 
train, operated by one enginemaa. 
Improvement in any field of 
The RDC-1 is another example of 


Budd practice which is first toen- | 


vision clearly the need and then © 
bring to bear all the resources of 
inyentive engineering. It follows the 
modern stainless steel streamliner, 
the all-steel automobile body, the 
tapered steel disc wheel and somany 
other products in which Budd has 
translated imagination into practi- 
cal accomplishment. The Budd 
Company, Philadelphia, Detroit, 
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